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METHODS OF TREATING OR PREVENTING 
INTERSTITIAL CYSTITIS 

Back^iind of the Invention 

TachykiBias are a family of peptides which share a common 
amidated carboxy terminal sequence. Substance P was the first peptide of 
this family to be isolated, althou^ its purification and the determination 
of its primary sequence did not occur until the early 1970*s. 

Between 1983 and 1984 several groups reported the isolation 
of two novel mammalian tachykinins* now termed neurokinin A (also 
known as substance K, neuromedin L, and neurokinin a)» and neurokinin 
B (also known as neuromedin K and neurokinin P). See. J.E. Maggio, 
Peptides. 6 (Supplement 3):237-243 (1985) for a review of these 
discoveries. 

Tachykinins are widely distributed in both the central and 
peripheral nervous systems, are released feom nerves, and exert a variety 
of biological actions, which, in most cases, depend upon activation of 
specific receptors expressed on the membrane of target cells. Tachykinins 
are also produced by a number of non-neural tissues. 

The mammalian tachykinins substance P, neurokinin A, and 
neurokinin B act through three mcgor receptor subtypes, denoted as NK-1, 
NK-2, and NK-3, respectively. These receptors are present in a variety of 
organs. 

Substance P is believed intAr alia to be involved in the 
neurotransmission of pain sensations, including the pain associated with 
migraine headaches and with arthritis. These peptides have also been 
implicated in gastrointestinal disorders and diseases of the 
gastrointestinal tract such as inflammatory bowel disease. Tachykinins 
have also been implicated as playing a role in numerous other maladies, 
as discussed in&a. 

Tachykinins play a m^jor role in mediating the sensation and 
transmission of pain or nociception, especially migraine headaches, see. 
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S.L. Shepheard, et al,. Britjah Journal nf Ph armamlngy 108:11-20 
(1993); SM. Moussaoui, fiLaL European Journal nf Ph arm ami ngY 
238:421-424 (1993); and W.S. Lee, fiLaL British Journal of Pliarm^cnl^py 
112:920-924 (1994). 

In view of the wide number of clinical maladies associated 
with an excess of tachykinins, the development of tachykinin receptor 
antagonists will serve to control these dinical conditions. The earliest 
tachykinin receptor antagonists were peptide derivatives. These 
antagonists proved to be of limited pharmaceutical utility because of their 
metabolic instability. 

Recent publications have described novel classes of non- 
peptidyl tachykinin receptor antagonists which generally have greater 
oral bioavailability and metabolic stability than the earlier classes of 
tachykinin receptor antagonists. Examples of such newer non-peptidyl 
tachykinin receptor antagonists are found in United States Patent 
5,328,927, issued July 12, 1994; United States Patent 5,360,820, issued 
November 1, 1994; United States Patent 5,344,830, issued September 6, 
1994; United States Patent 5,331,089, issued July 19, 1994; European 
Patent Publication 591,040 Al, published April 6, 1994; Patent 
Cooperation Treaty publication WO 94/01402, published January 20, 
1994; Patent Cooperation Treaty publication WO 94/04494, published 
March 3, 1994; and Patent Cooperation Treaty publication WO 93/011609, 
published January 21, 1993. 

Interstitial cystitis is a chronic debilitating inflammatory 
disorder of the bladder. The disease is most common in women ranging in 
age fipom about thirty to sixty with onset of the condition typically 
occurring at about forty years of age. It is characterized by a number of 
urinary di£&culties, such as suprapubic pressure and pain, with bladder 
filling, urinary frequency, nocturia, dysuria, urgency adn irritative 
voiding associated with morphological and histological changes in the 
bladder. The condition is characterized as '^terstitial cystitis" because it 
is believed the condition does not affect the surface of the bladder, but 
instead involves the spaces between the cells, namely the interstices, in 
the lining of the bladder. 
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Urethral s3nidrozne is a related painfiil voiding disorder of 
unknown etiology affecting women exhibiting many of the conditions set 
forth above. 

As noted in United States Patent 5,145»859, issued 
September 8, 1992, the entire contents of which are herein incorporated 
by reference, there are a niunber of compounds proposed to treat these 
conditions, based on differing theories as to the etiology of interstitial 
cystitis and urethral syndrome. None of these treatment regimens has 
proven completely successful to date. 

Because of the current dissatisfaction of the currently 
marketed treatments for interstitial cystitis within the affected 
population, there exists a need for a more e£&cacious and safe treatment. 

fininmarv of thft Tnvfttitinn 

This invention provides methods for the treatment or 
prevention of interstitial pystitis or urethral syndrome in a mammal 
which comprise administering to a mammal in need thereof an effective 
amount of a compound of Formida I 




R2 

I 



wherein: 

is hydrogen, C1-C12 alkyl, Ci-Ce alkoxy. phenyl, C3-C8 
cydoalkyl, naphthyl, heterocyclic, imsaturated heterocyclic, 
phenyHCi-Ce alkylidenyl)-, naphthyl.(Ci-C6 alkylidenyl)-, 
heterocyclic-(Ci-C6 alkylidenyl)-. unsaturated heterocyclic- 
(Ci-Ce alkyUdenyl)-, phenyl-(Ci-C6 alkoxy)-, naphthyl-(Ci.C6 
alkoxy)., heterocyclic-(Ci-C6 alkoxy)-, or unsaturated 
heterocydic-(Ci-C6 alkoxy)-, 



any one of which phenyl, naphthyl, heterocyclic, Cs-Cs 
cydoalkyl, or unsaturated heterocyclic groups may be 
optionally substituted with one, two, or three moieties 
independently selected from group consisting of 
heterocyclic-(Ci-C6 alkylidenyl)-, unsaturated 
heterocydic-(Ci-C6 alkylidenyl)-, hydroxy, halo, Ci-Ce 
alkyl, Ci-Ce alkoxy, trifluorometfayl, nitro, amino, 
cyano, Ci-Ce alkylamino, and Ci-Ce alkylthio; 

R2 is hydrogen, C1-C12 alkyl, Ci-Ce alkoxy, phenyl, Ca-Cg 
cydoalkyl, naphthyl, heterocyclic, unsaturated heterocyclic, 
phenyl*(Ci-C6 alkyUdenyl)-, naphthyl-(Ci-C6 alkylidenyl)-, 
heterocydic-CCi-Ce alkylidenyl)-, imsaturated heterocyclic- 
(Ci-Ce alkylidenyl)-, phenyl-(Ci-C6 alkoxy)-, naphthyl.(Ci-C6 
alkoxy)-, heterocydic-CCi-Ce alkoxy)-, or unsaturated 
heterocyclic-(Ci-C6 alkoxy)-, 

any one of which phenyl, naphthyl, heterocyclic, C3-C8 
cjrcloalkyl, or unsaturated heterocyclic groups may be 
optionally substituted with one, two, or three moieties 
independenly selected from group consisting of phenyl- 
(Ci-Ce alkyUdenyl)-, naphthyl-(Ci-C6 alkylidenyl)-, 
heterocyclic-(Ci-C6 alkylidenyl)-, unsaturated 
heterocydic-(Ci-C6 alkyhdenyl)-, phenyl-(C]-C6 
alkoxy)-, naphthyl-(Ci-C6 alkoxy)-, heterocyclic-(C i-Ce 
alkoxy)-, or unsaturated heterocyclic-(Ci-C6 alkoxy)-, 
hydroxy, halo, Ci-Ce alkyl, Ci-Ce alkoxy, 
trifluoromethyl, nitro, amino, cyano, Ci-Ce alkylamino, 
and Ci-Ce alkylthio; 

is hydrogen, nitro, Ci-Ce alkanoyl, amino, Ci-Ce alkyl, 
Ci-Ce alkoxy, C3-C8 cycloalkyl, heterocydic, unsaturated 
heterocyclic, halo, Ci-Ce alkylthio, hydroxy-(Ci-C6 
alkyhdenyl)-, hydroxy-(Ci-C6 alkyUdenyl)amino-, R^R^N-, 
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R4r5n.(Ci-C6 alkyUdenyl)-, R4r5N-(C]-C6 alkoxy)., hydroxy- 
(Ci-Ce al^l)-, heterocydic-CCi-Ce alkoxy)-, amino(Ci-C6 
alkylidenyl)-, or trifluoromethyl, 

where R^ and R^ are independently selected from the 
group consisting of Ci-Ce alkyl. Ci-Ce alkoxy, Ci-Ce 
alkanoyl, aryl. heterocyclic, unsaturated heterocyclic, 
aryl(Ci-C6 alkylidenyl)-, heteroQydicCCi-Ce 
alkylidenyl)-, unsaturated heteroigrclic(Ci-C6 
alkylidenyl)-, and hydrogen or R^ and BP combine to 
form Cs-Cg pydoalkyl, 

any one of which alkyl or alkoxy groups may be 
substituted with one or more halo, amino, or 
nitro, and 

any one of which aryl, unsaturated heterocyclic, 
or heterocyclic groups may be substituted with 
one, two, or three moieties independenly 
selected from group consisting of hydroxy, halo, 
Ci-Ce alkyl, Ci-Ce alkoxy, tiifluoromethyl, 
nitro, amino, cyano, C3-C8 cydoalkyl, Ci-Ce 
alkylamino, and Ci-Ce alkylthio; 

with the proviso that not more than one of Rl and R^ may be 
hydrogen; 

or a pharmaceutically acceptable salt or solvate thereof, in combination 
with another analgesic whose primary mechanism of action is not as a 
tachykinin receptor antagonist. 

Detailed Description anfi Pr^fprrpd Emhnriimf>intf! 

The terms and abbreviations used in the instant examples 
have their normal meanings unless otherwise designated. For example 
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"^C" refers to degrees Celsius; "N'* refers to normal or normality; "mol** 
refers to mole or moles; "mmol" refers to millimole or millimoles; "g" refers 
to gram or grams; refers to kilogram or kilograms; "L" refers to liter 
or liters; **ml" means milliliter or milliliters; '*M'* refers to molar or 
5 molarity; "MS" refers to mass spectrometry; and "NMR** refers to nuclear 
magnetic resonance spectroscopy. 

As used herein, the tezm **Ci-C6 alkyl" refers to straight or 
branched, monovalent, saturated aliphatic chains of 1 to 6 carbon atoms 
and includes, but is not limited to, methyl, ethyl, propyl, isopropyl, butyl, 
10 isobutyl, t-butyl, pentyl, isopentyl, and hexyl. The term '*Ci-C6 alkyl" 
includes within its definition the term 
"C1-C3 alkyl". 

"Halo" represents chloro, fluoro, bromo or iodo. 

The term "haloformate" as used herein refers to an ester of a 
1 5 haloformic add, this compound having the formida 

wherein X is halo, and BA is Ci-Ce alkyL Preferred haloformates are 
20 bromoformates and chloroformates. Especially preferred are 

chloroformates. Those haloformates wherein is C3-C6 alkyl are 
especially preferred. Most preferred is isobutylchloroformate. 

The term "unsaturated heterocyde" represents a stable 5- to 
7-membered monocyclic or 7- to 10-membered bicydic heterocyclic ring 
2 5 which has one or more double bonds and which consists of carbon atoms 
and firom one to three heteroatoms sdected fi*om the group consisting of 
nitrogen, oxygen or sulfur, and wherein the nitrogen and sulfur 
heteroatoms may optionally be oxidized, and the nitrogen heteroatom may 
optionally be quartemized and induding a bicydic group in which any of 
30 the above-defined heterocydic rings is fused to a benzene ring. The 
unsaturated heterocsrdic ring may be attadied at any heteroatom or 
carbon atom which afifords a stable structure. 

Examples of such heterocydes and imsaturated heterocydes 
indude piperidinyl, piperazinyl, azepinyl, pyrrolyl, 4-piperLdonyl, 
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pyrrolidinyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazo]inyl» 
imidazolidinyl» pjnidyl, pyrazinyl, pyximidinyl, pyridazinyL oxazolyl» 
oxazolidinyl, isoxazalyl» isoxazQlidiiiyl, morpholinyl, thiazolyl, 
thiazolidinyl, isothiazolyl, quinudidinyl, isothiazolidinyl, indolyl, 
quinolinyl, isoquinolinyl, benzimi dazolyl, thiadiazolyl, benzopjnranyl, 
benzothiazolyl» benzoazolyl, fuxyl, tetrahydrofuryl, tetrabydropjrranyl, 
thienyl, benzothienyl, thiamoxpholinyl, thiamoxpholinyl-stdfoxide, 
thiamoiphoIiBylsulfone, oxadiazolyl, triazolyl, tetrahydroquinolinyl, and 
tetrahydroisoquinoliiiyl. 

'*Ci-C6 alkoxy" represents a straight or branched alkyl chain 
having firom one to six carbon atoms attached to an oxygen atom. Typical 
Ci-Ce alkoxy groups include meihoxy, edioxy, propoxy, isopropoxy, 
butoxy, ^-butoxy, pentoxy and the like. The term "Ci-Ce alkoxy** includes 
within its definition the term "C1-C4 alkoxy". 

"C2-C6 alkanoyP represents a straight or branched alkyl 
chain having firom one to five carbon atoms attached to a carbonyl moiety. 
Typical C2-C6 alkanoyl groups include acetyl, propanoyI» isopropanoyl, 
butanoyl, ^butanoyl, pentanoyl» hexanoyl, 3-methylpentanoyl and the 
like. 

"C3-C8 cydoalkyr represents a saturated hydrocarbon ring 
structure containing firom three to eight carbon atoms which is 
unsubstituted. Typical C3-C8 cycloalkyl groups include cyclopropyl, 
qydopenlyl, cyclohexyl» cydoheptyl, and cydooctyl. 

The term liydroxy-protecting groups'* as used herein refers 
to substitents of the hydroxy group commonly employed to block or protect 
the hydroxy fimctionality while reacting other fimctional groups on the 
compound. Examples of such hydroxy-protecting groups indude 
methoxjnnethyl, benzyloxymethyl, methoxyeihoxsrmethyl, 
2-(trimethylsilyl)ethoxymethyl, methylthiomethyl, 2,2-dichloro-14- 
difluoroethyl, tetrahydropyranyl, phenacyl, cydopropylmethyl, allyl, Ci- 
Ce alkyl, 2,6-dimethylbenzyl, o-nitrobenzyl, 4-picolyl, dimethylsilyl, 
^butyldimethylsilyl, levuhnate, pivaloate, benzoate, dimethylsulfonate, 
dimethylphosphinyl, isobutsnrate, adamantoate and tetrahydropjrranyl. 
Further examples of these groups may be found in T. W. Greene and 
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P.G.M. Wuts, Protective Groups in Organic Synthesis, (1991) at 
Chapter 3. 

The compounds prepared in the processes of the present 
invention have an asymmetric center. As a consequence of this chiral 
center, the compounds produced in the present invention may occur as 
racemates, mixtures of enantiomers and as individual enantiomers, as 
well as diastereomers and mixtures of diastereomers. Processes for 
preparing such asymmetric forms, individual isomers and combinations 
thereof, are within the scope of the present invention. 

The terms ••R" and "S" are used herein as commonly used in 
organic chemistry to denote specific configuration of a diiral center. The 
term "R** {rectus) refers to that configuration of a chiral center with a 
clockwise relationship of group priorities (highest to second lowest) when 
viewed along the bond toward the lowest priority group. The term ''S" 
(sinister) refers to that configuration of a chiral center with a 
coimterdockwise relationship of group priorities (highest to second lowest) 
when viewed along the bond toward the lowest priority group. The 
priority of groups is based upon their atomic number (bi order of 
decreasing atomic number). A partial list of priorities and a discussion of 
stereochemistry is contained in NOMENCLATURE OF ORGANIC 

COMPOUNDS: Principles AND Practice, (J.h. Fletcher, etai.. eds., 1974) 
at pages 103-120. 

In addition to the (R)-(S) system, the older D-L system is also 
used in this document to denote absolute configuration, especially with 
reference to amino acids. In this system a Fischer projection formula is 
oriented so that the number 1 carbon of the main chain is at the top. The 
prefix **D'* is used to represent the absolute configuration of the isomer in 
which the functional (determining) group is on the right side of the carbon 
atom at the chiral center and "L**, that of the isomer in which it is on the 
left. 

As noted supra, this invention includes methods emplojdng 
the pharmaceuticaUy acceptable salts of the compotmds defined by 
Formula I. A compound of this invention can possess a sufEiciently acidic, 
a sufficiently basic, or both fimctional groups, and accordingly react with 
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any of a number of organic and inorganic bases, and inoi^anic and organic 
acids» to form a phaxmaceutically acceptable salt. 

The term "pharmaceutically acceptable salt'* as used herein, 
refers to salts of the compounds of the above formula which are 
substantially non-toxic to living organisms. Typical pharmaceutically 
acceptable salts include those salts prepared by reaction of the compounds 
of the present invention with a pharmaceutically acceptable mineral or 
organic add or an oi^anic or inoi^anic base. Such salts are known as acid 
addition and base addition salts. 

Adds commonly employed to form add addition salts are 
inorganic adds such as hydrochloric add, hydrobromic add, hydroiodic 
add, sulfuric add, phosphoric add, and the like, and organic adds such as 
j9-toluenesidfonic, methanesulfonic add, oxalic add, 
j9-bromophenylsulfonic add, carbonic add, succinic add, dtric add, 
benzoic add, acetic add, and the like. Examples of such pharmaceutically 
acceptable salts are the sulfate, pjnrosulfate, bisulfate, sulfite, bisulfite, 
phosphate, monohydrogenphosphate, dihydrogenphosphate, 
metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, 
propionate, decanoate, caprylate, acrylate, formate, hydrochloride, 
dihydrochloride, isobutyrate, caproate, heptanoate, propiolate, oxalate, 
malonate, succinate, suberate, sebacate, iumarate, maleate, butyne-1,4- 
dioate, hexyne-l,6-dioate, benzoate, chlorobenzoate, methylbenzoate, 
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate, xylenesulfonate, 
phenylacetate, phenylpropionate, phenylbutsrrate, dtrate, lactate, y- 
hydroxybutyrate, i^ycolate, tartrate, methanesulfonate, propanesulfonate, 
naphthalene- 1-sulfonate, napththalene-2-sulfonate, mandelate and the 
like. Preferred pharmaceutically acceptable add addition salts are those 
formed with mineral adds such as hydrochloric add and hydrobromic 
add, and those formed with organic adds such as maleic add and 
methanesulfonic add. 

Base addition salts indude those derived firom inorganic 
bases, such as ammonium or alkali or alkaline earth metal hydroxides, 
carbonates, bicarbonates, and tJie like. Such bases useful in preparing the 
salts of this invention thus indude sodium hydroxide, potassium 
hydroxide, ammonium hydroxide, potassiiun carbonate, sodium carbonate. 
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sodium bicarbonate^ potassium bicarbonate, calcium Hydroxide, calcium 
carbonate, and the like. The potassium and sodium salt forms are 
particularly preferred. 

It should be recognized that the particular coimterion 
forming a part of any salt of this invention is usually not of a critical 
nature, so long as the salt as a whole is pharmacologically acceptable and 
as long as the counterion does not contribute undesired qualities to the 
salt as a whole. 

This invention further encompasses methods employing the 
pharmaceutically acceptable solvates of the compounds of Formula I. 
Many of the compounds of Formiila I can combine with solvents such as 
water, methanol, ethanol and acetonitrile to form pharmaceutically 
acceptable solvates such as the corresponding hydrate, methanolate, 
ethandate and acetonitrilate. 

The term "treating^ (or "treat") as used herein includes its 
generally accepted meaning which encompasses prohibiting, preventing, 
restraining, and slowing, stopping, or reversing progression, severity, or a 
resultant Sjnnptom. As such, the methods of this invention encompass 
both therapeutic and prophylactic administration. 

The compoimds of the present invention are derivatives of 
benzimidazole which are named and numbered according to the Ring 
Index, The American Chemical Society, as follows. 




The preferred methods of this invention employ those 
compounds of Formula I wherein: 

a) is phenyl, naphthyl, heterocyclic, unsubstituted 
heterocyclic, or substituted derivatives thereof; 
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b) R2 is phenyl, heterocyclic, unsaturated heterocyclic, 
phenyl(Ci-C6 alkylidenyl)-, heteroqrdicCCi-Ce alkylidenyl)-, unsaturated 
heterocydicCCi-Ce alkylidenyl)-, or substituted derivatives thereof 

c) R3 is R4R5N.(Ci-C6 alkyUdenyl)-, Ci-Ce alkanoyl, , C1.C4 
alkoxy, imidazole, amino-(Ci-C6 alkylidenyl), hydroxy-(Ci-C6 
alkylid6nyl)amino-, heterocyclic-(Ci-C6 alkoxy)-, R^R^N-CCi-Ce alkoxy)-. 
or hydroxy; 

d) R3 is at the 5 or 6 position of the benzimidazole. 

The especially preferred methods of this invention employ 
those compounds of Formula I wherein: 

a) Rl is phenyl or naphthyl substituted with one or more 
electron donating, lipophilic substituents; 

b) R2 is substituted benzyl or substituted phenyl; 

c) R3 is R4r5n.(Ci-C6 alkyUdenyl)-, heterocydic-(Ci-C6 
alkoxy)-, R4RSN-(Ci-C6 alkoxy)-, or unsaturated heterocyclic(C]-C6 
alkylidenyl)-; and 

d) R3 is at the 6 position of the benzimidazole. 

The steps of this sjmthesis are described in European Patent 
AppUcation Publication 694,535, to be published January 31, 1996. 

The compounds of Formula I can be prepared by processes 
known in the literature. See, e g . G.W.H. Cheeseman and R.F. Cookson, 
THE Chemistry of heterocycuc Compounds, (A. Weissbei^r, et ai . 
eds. 1979). The usual process for the preparation of the compounds of 
Formula I is by C3rclization of an appropriately substituted 
o-phenylenediamine such as the one depicted in Formula lU 
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in a solvent or solvent mixture. It is generally preferred that the solvent 
or solvent mixture be heated, preferably to the boiling point of the solvent. 
Suitable solvents include ethanol, isopropanol, glacial acetic acid» 
benzene, toluene, chlorobenzene, glycol, ethylene glycol, dimethyl ether, 
diethyl ether, dimethylformamide, chloroform, ethyl acetate, and the like. 
It is generally preferred to add a condensation agent such as phosphorous 
oxychloride, thionyl chloride, p-toluenesulfonic acid, hydrochloric add, 
sulfuric acid, phosphoric acid, polyphosphoric acid, phosphorous 
pentoxide, methanesulfonyl hydroxide, methanesulfonyl chloride, and the 
like. The cydization reaction may also optionally be performed in the 
presence of a base such as sodium hydroxide, sodium mesylate, or 
potassium tert-butylate. 

In those compounds in which is phenyl a derivative of N- 
phenyl-o-phenylenediamine was used as the starting material for the 
QTclization reaction. The examples infra provide sufficient guidance in the 
preparation of those compoimds of Formula I wherein is hydrogen. 

Those compoimds of Formula I wherein R^ is not hydrogen, 
can be prepared by methods taught in the literature. For example, the 
compounds of this invention wherein R^ is C2*C6 alkanoyl can be prepared 
firom the appropriate keto o-phenylenediamine of the formula 



NH2 



(C1-C5 alkylH 




by methods known in the benzimidazole art such as the procedures 
described in U.S. Patent 4,401,817, issued August 30, 1983, which is 
herein incorporated by reference. The method of preparation involves the 
ammonolysis and reduction of a 4-halo-3-nitrophenyl ketone which is 
prepared by the Fziedel-Crafts reaction of either a 4-halo-3-nitrobenzoyl 
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chloiide with an appropriate hydrocarbon or a halobenzene with an 
appropriate acid chloride followed by aromatic nitration. 

Alternatively, the keto benzimidazole reactants f'aTi be 
prepared from acetanihde by a Friedel-Crafts acylation with the 
appropriate derivative of C2-C6 alkanoic acid. The resulting 4-keto 
acetanilide is nitrated to give a 2-nitro-4-ketoacetanilide. The acetanihde 
is hydrol3rzed to give a 2-nitro-4-ketoani]ine, which can then be 
catalytically hydrogenated to yield a 4-keto-o-phenylenediamine which 
can then be ring closed to provide the 5 or 6-substituted benzimidazole. 

Those compounds of Formula m wherein R3 is a substituted 
alkyl or alkylidenyl may be prepared by means of a Friedel-Crafts 
alkylation with the appropriate derivative of the moiety using standard 
procedures* usually employing an alkyl haUde or an olefin in the presence 
of a catalyst such as aluminum chloride, alumimun bromide or another 
Lewis acid. 

An alternative strategy for preparing those compoxmds of 
Formula I wherein R3 is Ci-Ce alkoxy, R4r5n.(Ci-C6 alkoxy)-, or 
heterocyclic-(Ci-C6 alkojqr)-, or a substituted derivative thereof, involves 
first reacting a 3-nitro-4-aminaphenol with an acyl halide in the presence 
of a base 




to get substitution of the primary amine as well as substitution of the 
hydroxy group, the ester moiety serving as a hydroxy-protecting group for 
subsequent reactions. In the next step of this synthesis the nitro group is 
then reduced to an amino group, usually by catalytic hydrogenation. 
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The primary amine of the above compoimd is then 
substituted, usually using an aldehyde, such as benzaldehyde or a 
5 substituted derivative thereof, followed by hydrogenation, if necessary. In 
an alternative embodiment, ^ose compounds of Formula I in which is 
alkyl or substituted alkyl may be produced by aUcylation of an aromatic 
amine with alkyl halide or tosylate, or the like, in the presence of a 
suitable base, such as trialkylamine, potassi\mi carbonate, 1,8- 
10 diazabicyclo[5.4.0]\mdec-7-ene (DBU), and the like. 




Cydization of this substituted phenylenediamine is then performed as 
15 described a^ pra. followed by cleavage of the ester group protecting the 

hydroxy group at the 6-position of the benzimidazole. Suitable cydization 
catalysts include phosphorous oxychloride, thionyl chloride, phosphorous 
pentoxide, phosphorous pentachloride, and other like strong dehydrating 
agents. 

20 
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A preferred method of cleaving this ester is by incubation of the 
intermediate in a basic solution, such as IN sodium hydroxide, or a 
weaker base such as potassium carbonate. The hydroxy group at the 6- 
position is then substituted using an alkyl or aryl halide, resulting in a 
compound of Formula I. 



HO 




The skilled artisan imderstands that compounds of Formula I 
substituted at the 5-position of the benzimidazole can be prepared as 
described above by employing 3-amino-4-nitrophenol as the starting 
material instead of the 3-nitro*4-aminophenol shown supra . 

Those compounds of Formula I wherein is alkyl or 
substituted alkyl may alternatively be prepared by the direct alkylation of 
a benzimidazole wherein the nitrogen at the 1-position is substituted with 
a hydrogen. This type of alkylation is usuaUy performed by the reaction of 
the benzimidazole with an alkyl halide in the presence of a strong base, 
such as sodium hydride. This reaction is usually performed in a polar 
eq;>rotic solvent, such as N,N-dimethylformamide, dimethyl sulfoxide, 
dimethylacetamide, hexamethylphosphozic triamide, and the like. 

The following examples further illustrate the preparation of 
the compounds of Formula I. The examples are illustrative only and are 
not intended to limit the scope of the invention in any way. The 
designations "NMR", "IR", and "MS" in an example indicate that the 
nuclear magnetic resonance ^ectrum (NMR), the infrared absorption 
spectrum (IR), or the mass as determined by mass i^ectrometry (MS) were 
consistent with the desired compoimd. 

Exflmplfi 1 

Synthesis of 1,2-diphenylbenziinidazole 

N-phenyl-o-phenylenediamine (10 mmol, 1.84 grams) was 
added to diethyl ether (100 ml) and stirred at room temperature as 
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benzoyl chloride (10 mmol» 1.41 g) was added dropwise (a precipitate 
formed after about one half of the benzoyl chloride was added). After 
addition of the benzoyl chloride, the solution was stirred at room 
temperature for about 15 minutes. The reaction mixture was partitioned 
5 between aqueous sodium hydroxide and diethyl ether. The organic layer 
was removed and the aqueous layer was extracted with ethyl acetate (3 x 
100 ml). The organic fractions were combined and dried over magnesium 
sulfate* The magnesium sulfate was filtered out and the solvent removed 
in vacuo to yield a red/brown solid (2.88 99.8%) which was suitable for 

10 use in the cyclization reaction. NMR, mp ISS-IST^'C. 

A solution of the intermediate ssmthesized supra (2.5 g» 8.6 
mmol) and phosphorous pentoxide/methanesulfonyl chloride (1:10) (30 ml) 
was heated at lOO^C for about one hour. The reaction mixture was then 
stirred with ice as 5N sodium hydroxide was added to raise the pH to 14. 

15 This mixture was then partitioned with ethyl acetate in a separation 

funnel. The ethyl acetate layer was removed and the aqueous layer was 
washed with ethyl acetate (3 x 100 ml). The organic layers were combined 
and dried over potassium carbonate overnight. The solution was filtered 
and the solvent removed in vacuo to yield 2.2 grams (94.6%) of crude 

20 product. 

The product was purified by chromatography using a 
hexanes/ethyl acetate (4:1) solution as the eluent to yield 1.98 grams 
(85.2%) of the pure title product. NMR, MS 271(M+), mp 108-110''C. 
Analysis for C19H14N2: 
25 Theory: C, 84.42; H. 5.22; N, 10.36. 

Found: C, 84.72; H, 5.27; N, 10.35. 

Ryamplfi 2 

3 0 S3nithesis of l-phenyl-2-(4-methox3n;)henyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (10 mmol, 1.84 g) 
in 100 ml diethyl ether was stirred at room temperature as p-anisoyl 
chloride (1 mmol, 1.71 g) was added dropwise. The resulting mixture was 
stirred at room temperature for about 96 hours. A precipitate formed 

3 5 before half of the anisoyl chloride/diethyl ether was added. 
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The resulting reaction mixture was partitioned with IN 
sodium hydroxide and the organic layer separated. The aqueous layer 
was extracted with ethyl acetate (3 x 100 ml). The organic layers were 
combined and dried over potassium carbonate overnight, filtered, and the 
solvents were removed in vacuo. This yielded 3.57 grams of a dark brown 
crude product. Fiirther purification could be performed by way of 
recrystallization firom methylene chloride to yield a homogenous spot as 
determined by chromatography, mp 147- 149^*0. 

A solution of the intermediate prepared supra (3. 19 g, 10 
mmol) in 35 ml phosphorous pentoxide/methanesulfonyl chloride (1:10) 
was stirred at lOO^'C for about 2.5 hours. The resulting reaction mixture 
was poured over ice and stirred as aqueous sodium hydroxide was added. 
The final solution had a pH of 14. This solution was partitioned with 
ethyl acetate. The ethyl acetate layer was removed and the aqueous layer 
was extracted with ethyl acetate (3 x 100 ml). The organic layers were 
combined and washed with saturated sodium chloride. This was then 
dried over potassium carbonate, filtered, concentrated in vacuo to yield a 
brown/dark red crude product. 

This crude product was purified by chromatography using 
hexanes/ethyl acetate (9:1) as eluent to yield 1.38 grams of the title 
product. NMR, MS 301(M+), mp 105-107*C. 
Analysis for C26H16N2O: 

Theory: C, 79.98; H. 5.37; N, 9.33. 

Found: C, 79.77; H, 5.38; N, 9.11. 

Synthesis of l-phenyl-2-phenylmethylbenzimidazole 

The title intermediate was synthesized in substantial 
accordance with Journal of Medianal rbpmiQtry 18:319 (1975). A 
solution of N-phenyl-o-phenylenediamine (10 mmol, 1.84 g) and 2-ethoxy- 
l-ethoxycarbonyl-l,2-dihydroquinoline (12 mmol, 2.97 g) was stirred in 
methylene chloride (60 ml) at room temperature. Phenylacetic add (10 
mmol, 1.36 g) in methylene chloride (30 ml) was added via dropping 
fiumel and stirred at room temperature over a drying tube overnight. The 
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resulting reaction mixture was partitioned with 6N sodiiim hydroxide. 
The methylene chloride layer was removed and the aqueous layer was 
extracted with ethyl acetate (3 x 100). The organic fractions were 
combined, dried over potassium carbonate, filtered and the solvents were 
removed in vacuo to jdeld 5.28 grams of a dark red/brown crude product. 

The crude product was recrystallized from ethyl acetate and 
then diethyl ether to yield a white crystalline product (1.77 g» 58.5%) of 
the title product, mp 108-110**C. 

A portion of the intermediate S3mthesized sunra (1.35 g, 4.5 
mmol) and 30 ml of phosphorous pentoxide/methane sulfonyl hydroxide 
(1:10) were stirred at 100**C for about 6 hours. The resulting reaction 
mixture was poured over ice and neutralized with aqueous sodium 
hydroxide (to pH 14). The aqueous layer was partitioned with ethyl 
acetate and separated. The aqueous layer was extracted with ethyl 
acetate (4 x 200 ml). The organic layers were combined, dried over 
potassium carbonate, and filtered. The solvent was removed in vacuo and 
the crude dark red/brown product was ptirified by chromatography using 
hexanes/ethyl acetate (9:1) as the eluent. MS 285(M^, mp 106*108*'C 
Analysis for C20H16N2O: 

Theory: C, 84.48; H, 5.67; N, 9.85. 

Found: C, 84.75; H, 5.78; N, 9.93. 

Synthesis of l'phenyl-2-(3-chlorophenyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmd) 
in diethyl ether (80 ml) was stirred at room temperature as 3- 
chlorobenzoylchloride (1.95 g» 11 mmol) in diethyl ether (30 ml) was added 
dropwise. Precipitate formed almost immediately after total addition of 
the 3-chlorobenzoylchloride. The resulting reaction mixture was stirred at 
room temperature for about 3 hours. 

The reaction mixture was partitioned with aqueous sodium 
hydroxide. The organic layer was removed and the aqueous layer was 
extracted with ethyl acetate (3 x 120 ml). The organic layers were 
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combmed, dried over potassium carbonate, and filtered. The solvent was 
removed in vacuo to yield 3.5 grams of the desired intermediate. 

P\urther purification could be performed using thin layer 
chromatography with hexanes/ethyl acetate (9:1) as the eluent. mp 133- 
134*0, NMR. 

A solution of the intermediate prepared fiustca (2.50 g, 7.7 
mmol) and 40 ml phosphorous pentoxideAnethane sulfonyl hydroxide 
(1:10) was stirred at lOO^'C for about 16 hours. This reaction mixture was 
then poiired over ice and alkalinized with 5N sodiimi hydroxide (until pH 
= 14), This aqueous solution was then extracted with ethyl acetate (5 x 
150 ml). The organic layers were combined and dried over potassiiun 
carbonate, filtered, and concentrated in vacuo to shield 2.2 grams of crude 
red/brown product. 

This crude product was further purified by chromatography 
using a hexanes/ethyl acetate (9:1) solution as the eluent. MS 305, 307, 
mp 107-109*C. 
Analysis for C19H13CIN2: 

Theory: C, 74.88; H, 4.30; N, 9.19. 

Foxmd: C, 74.68; H, 4.47; N, 9.25. 

Examplft ff 

Synthesis of l-phenyl-2*(4-chlorophenyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (80 ml) was stirred at room temperature as 4- 
chlorobenzoylchloride (1.95 g, 11 mmol) in diethyl ether (30 ml) was added 
dropwise. Precipitate formed almost immediately after total addition of 
the 4-chlorobenzoylchloride. After total addition of the 4- 
chlorobenzoylchloride, the resulting reaction mixture was stirred at room 
temperature for about 17 hours. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The diethyl ether layer was removed and the aqueous layer 
extracted with ethyl acetate (4 x 150 ml). The organic layers were 
combined, dried over potassium carbonate, filtered, and concentrated in 
vacuo to yield 3.72 grams (>99%) of a dark red/brown solid. The crude 
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product could be used as is or could be further purified. In the further 
purification the crude product was triturated in diethyl ether and filtered 
to yield an off-white solid, mp 169-171''C. 

A portion of the intermediate synthesized above (crude, 2.84 
g) was stirred in phosphorous pentoxide/methanesulfonyl hydroxide (1:10, 
40 ml) at lOO^C for about 16 hours. The reaction mixture was poured over 
ice and alkalinized with 5N sodium hydroxide (pH=14). The aqueous 
layer was extracted with ethyl acetate (5 x 160 ml). The combined organic 
fractions were dried over potassitun carbonate, filtered, and concentrated 
in vacuo to yield 2.52 grams of crude title product. Further purification 
could be accomplished by chromatogr^hy to yield a solid yellow crystal. 
MS 305, 307. mp 139-141'*C. 
Analysis for CigHi3ClN2: 

Theory: C, 74.88; H, 4.30; N, 9.19. 

Found: C, 74.97; H, 4.33; N, 9.21. 

Synthesis of l-phenyl-2-(3-metho3gn?h6nyl)benzimidazole 

The titled intermediate was prepared essentially as described 
in Journal of Medicinal Chemistry, 18:319 (1975). A solution of N-phenyl- 
o-phenylenediamine (1.84 g, 10 mmol) and m-methoxybenzoic acid (1.52 g, 
10 mmol) was stirred at room temperature in methylene chloride (80 ml). 
N-ethoxycarbonyl-2-ethoxy-l,2-dihydroquinoline (2.97 ^ was added 
dropwise and the reaction was refluxed for about 16 hours. Additional N- 
ethox3rcarbonyl-2-ethoxy-l,2-dihydroquinoline was added and the reaction 
was refluxed for an additional 18 hours. 

Hie reaction mixture was partitioned with IN sodium 
hydroxide. The organic layer (pH ~ 14) was extracted with ethyl acetate 
(3 X 150 ml). The combined organic fractions were dried over potassium 
carbonate, filtered and concentrated in vacuo. Crude red oO was purified 
by chromatography using hexanes/ethyl acetate (9:1) as the eluent. White 
solid crystallized out of several fractions, mp 118-120''C. 

A solution of the intermediate prepared above (1.08 g, 3.4 
mmol) in chloroform (85 ml) was stirred at room temperature as 
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phosphorous oxychloiide (0.52 g, 3.4 mmol) in chloroform (35 ml) was 
added dropwise. Hie reaction mixture was then refluxed overnight. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The organic layer was removed and the aqueous layer was 
extracted with chloroform (3 x 150 ml). The organic layers were combined, 
washed with a saturated sodium chloride solution, dried over potassium 
carbonate, filtered and the solvents were removed in vacuo to jdeld 1. 18 
grams (>99%). 

The reaction product was further purified by chromatogriq[)hy 
using a hexanes/ethyl acetate (9:1) solution as eluent. MS 3O10M"^, mp 
110-111-C. 

Analysis for C20H16N2O: 

Theory: C, 79.98; H, 5.37; N, 9.33. 
Found: C, 79.72; H, 5.49; N, 9.39. 

Exfliinplft,! 

Sjnithesis of l-phenyl-2-(4-nitrophenyl)benzimidazole 
l-phenylamine-2-((4-nitrophenyl)carbonylamino]benzene 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (75 ml) was stirred at room temperature as 4- 
nitrobenzoylchloxide (1.86 g, 10 mmol) in diethyl ether (40 ml) was added 
dropwise. A precipitate quickly formed. The reaction was stirred 
overnight. 

The reaction mixture was partitioned with 1 N sodium 
hydroxide and the organic layer removed. The aqueous layer (pH ^ 14) 
was extracted with ethyl acetate (3 x 100 ml). The organic layers were 
combined, wadied with saturated sodium chloride, dried over potassium 
carbonate, filtered and concentrated in vacuo. 

The restating crude product was triturated with diethyl ether 
and filtered to yield 2.48 grams of an orange/brown product was 
homogenous by chromatography, mp 169-171^0. 

A solution of the above-prepared intermediate (2.48 g, 7.4 
mmol) in chloroform (80 ml) was stirred at room temperature as 
phosphorous oxychloride (1.13 g, 7.4 mmol) in chloroform (35 ml) was 
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added dxopwise. After constant addition the reaction mixture was 
refiuxed overnight. 

The reaction mixture was cooled and partitioned with 1 N 
sodium hydroxide (pH ^ 14). The organic layer was separated and the 
aqueous layer was extracted with chloroform (3 x 100 ml). The organic 
layers were combined, washed with saturated sodiiun chloride solution, 
dried over potassium carbonate, filtered* and the solvents were removed in 
vacuo to yield 2.50 grams of a yellow/green solid. The reaction product 
was purified by chromatography using a hexanes/ethyl acetate (4:1) 
solution as eluent. MS 316(M+), mp I75-177*C. 
Analysis for C19H13N3O2: 

Theory: C, 72.37; H, 4.15; N, 13.33. 

Found: C, 72.67; H, 4.16; N, 13.30. 

Example 8 

Sjnithesis of l-(4-chlorophenyl)-2-phenylbenzimidazole 

A solution of N-(4-chlorophenyl)-l,2-phenylenediamine (2.19 
g» 10 mmol) in diethyl etiber (75 ml) was stirred at room temperature as 
benzoyl chloride (1.41 g» 10 mmol) in diethyl ether (30 ml) was added 
dropwise. A precipitate quickly formed. The reaction mixture was stirred 
overnight and partitioned with IN sodium hydroxide. 

The organic lay» was removed and the aqueous layer ~ 
14) was extracted with ethyl acetate (3 x 150 ml). The oi^ranic layers were 
combined, washed with saturated sodium chloride, dried over potassium 
carbonate, filtered and removed in vacuo. The crude product was 
triturated in diethyl ether to 3deld 1.84 grams (57%) of a white solid which 
was chromatographically homogenous, mp ISS-ieO'^C. 

A solution of the intermediate prepared supra (.33 g, 7.2 
mmol) in chloroform (80 ml) was stirred at room temperature as 
phosphorous oxychloride (1.10 g, 7.2 mmol) in chloroform (30 ml) was 
added dropwise. After the addition was complete the reaction mixture 
was refiuxed overnight. The reaction mixture was alkahnized to pH = 14 
with IN sodium hydroxide and separated. 
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The aqueous layer was extracted with chloroform (3 x 10 ml). 
The organic layers were combined, washed with a saturated sodium 
chloride, dried over potassium carbonate, filtered, and the scdvents were 
removed in vacuo to yield 2.45 grams of a red/brown oil which solidified 
5 upon setting at room temperature. The product was purified by 

chromatography using a hexanes/ethyl acetate (4:1) as eluent. MS 305, 
307. mp 122.123-C. 
Analysis for C19H13CIN2: 

Theory: C, 74.88; H, 4.30; 9.19. 
10 Found: C, 75.18; H, 4.30; N, 9.15. 

Exflmplft 9 

Synthesis of l-phenyl-2*(3-tri£luoromethylphenyl)-benzimidazole 

15 A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 

in diethyl ether (80 ml) was stirred at room temperature as m- 
txifluorormethylbenzoyl chloride (2.09 g, 10 mmdl) in diethyl ether (30 ml) 
was added dropwise. The reaction mixture was stirred ovem^bt. 

The reaction mixture was partitioned with IN sodium 

20 hydroxide (pH ~ 14) and the organic layer removed. The aqueous layer 
was extracted with ethyl acetate (3 x 100 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
Sdeld a dark red/brown <nl which solidified upon standing at room 

25 temperature. The reaction product was purified by chromatography using 
a hexanes/ethyl acetate (4:1) solution as eluent. 

A solution of the intermediate prepared above (3.20 g, 9.0 
mmcd) in chloroform (85 ml) was stirred at room temperature as 
phosphorous oxychloride (1.78 g, 9 mmol) in chloroform (35 ml) was added 

30 dropwise. The reaction mixture was refluxed overnight. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The organic layer was removed and the aqueoiis layer was 
extracted with chloroform (3 x 150 ml). The organic layers were combined, 
washed with a saturated sodium chloride solution, dried over potassium 
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carbonate, filtered, and the solvents were removed in vacuo to 3aeld 3.00 
grams of a yellow/brown oil which solidified upon standing. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (9:1 to 4:1) solution as eluent, yielding 1.89 
grams (62%) of a light yellow solid. MS 339(M"''), mp 99-101''C. 
Analysis for C20H13F3N2: 

Theory: C, 71.00; H. 3.87; N, 8.28. 

Found: C, 71.21; H. 4.07; N, 8.42. 

Example IP 

Synthesis of l-phenyl-2-(3*nitrophenyl)benzimidazole 

A solution of N*phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (80 ml) was stirred at room temperature as 3-nitrobenzoyl 
chloride (1.86 g, 10 mmol) in diethyl ether (30 ml) was added dropwise. 
The reaction mixture was stirred overnight at room temperature. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The organic layer was removed and the aqueous layer was 
extracted with ethyl acetate (3 x 100 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, fiiltered» and the solvents were removed in vacuo. 

The product was purified by trituration with diethyl ether to 
yield 2.19 g (65.7%) of a yellow solid, mp 127-129«C. 

A solution of the intermediate prepared above (2.9 g, 8.7 
mmol) in chloroform (85 ml) was stirred at room temperature was 
phosphorous oxychloride (in 35 ml chloroform) was added dropwise. The 
reaction mixture was then refiuxed overnight. 

The reaction mixture was partitioned with IN sodium 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with chloroform (3 x 120 ml). The organic firactions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield 2.50 grams of a brown/green solid. 
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The reaction product was further purified using thin layer 
chromatography with a hexanes/ethyl acetate (9:1 to 4:1) solution as 
eluent. MS 316(M^, mp 166-168''C. 
Analysis for C19H13N3O2: 
5 Theory: C, 72.37; 4.16; N, 13.33. 

Found: C, 72.54; H. 4.27; N, 13.55. 

TCvamplA 1 1 

10 Synthesis of l-(4-chlorophenyl)-2-(4H:hlorophenyl)-benziinidazole 

A solution of N-(4-chlorophenyl)-l»2-phenylenedianiine (2.19 
g, 10 mmol) in diethyl ether (86 ml) was stirred at room temperature as 4- 
chlorobenzoyl chloride (1.75 g, 10 mmol) in diethyl ether (35 ml) was 
added dropwise. The reaction mixture was stirred overnight at room 

15 temperature. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The organic layer was removed and the aqueous layer (pH 
14) was extracted with ethyl acetate (3 x 100 ml). The organic firactions 
were combined, washed with a saturated sodium chloride solution, dried 

20 over potassium carbonate, filtered, and the solvents were removed in 
vacuo to yield a crude red/brown solid. 

The reaction product was purified by trituration with diethyl 
ether to yield 2.91 grams (81.5%) of an ofiF-white solid which was 
chromatographically homogeneous, mp 180-181^0. 

25 A solution of the intermediate prepared above (3. 16 g, 8.8 

mmol) in chloroform (90 ml) was stirred at room temperature as 
phosphorous oxychloride (1.36 g, 8.8 mmol) in chloroform (35 ml) was 
added dropwise. The reaction mixture was then refluxed overnight. 

The mixture was partitioned with IN sodium hydroxide and 

30 the organic layer was removed. The aqueous fi*action was extracted with 
chloroform (3 x 150 ml). The organic layers were combined, washed with 
a saturated sodium chloride solution, dried over potassium carbonate, 
filtered, and the solvents were removed in vacuo to 3deld 2.83 grams of a 
gray/brown solid. 
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The reaction product was further purified by chromatography 
to yield 2.31 grams (77%) of a light pink solid. MS 339, 341, mp 162- 
164'C. 

Analysis for C19H12CI2N2: 

Theory: C, 67.27; H, 3.57; N, 8.30. 
Found: C, 67.45; H, 3.72; N, 8.36. 

Example 12 

Sjnithesis of l'phenyl*2-(4*tnfluoromethylphenyI)-benzimidazole 

A solution of N-phenyl-o*phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (85 ml) was stirred at room temperature as 4- 
(trifluoromethyl)benzoyl chloride (2.09 g, 10 mmol) in diethyl ether (30 ml) 
was added dropwise. The reaction mixture was stirred overnight at room 
temperature. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The organic layer was removed and the aqueous layer 
extracted with ethyl acetate (3 x 100 ml). The organic layers were 
combined, washed with a sodium chloride solution, dried over potassium 
carbonate, filtered, and the solvents were removed in vacuo to yield a 
brown/black solid. 

The crude product was triturated with diethyl ether and 
vacuum filtered to yield 2.56 grams (72%) of a yellow solid which was 
homogeneous on thin layer chromatography, mp 143-145^0. 

A solution of the intermediate prepared above (3.25 g, 9,1 
mmol) in chloroform (85 ml) was stirred at room temperature as 
phosphorous oxychloride in chloroform (35 ml) was added dropwise. The 
reaction mixture was partitioned with IN sodium hydroxide. 

The organic layer was removed and the aqueous layer was 
extracted with chloroform (3 x 150 ml). The organic layers were combined, 
washed with a saturated sodium chloride solution, dried over potassium 
carbonate, filtered, and the solvents were removed in vacuo to yield a 
red/brown oil which solidified upon standing. 
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The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (9:1 to 4:1) solution as eluent. Yield: 2.39 
grams (77.6%) of a light yellow solid. MS 339(M+), mp 133-13S*C. 
Analysis for C20H13F3N2: 

Theory: C, 71.00; H, 3.87; N, 8.28. 

Found: C. 71.28; H, 3.99; N, 8.46. 

Example 13 

Synthesis of l-phenyl-2-(2-naphthyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
was stirred at room temperature in diethyl ether (85 ml) as naphthoyl 
chloride (10 mmol» 1.91 g) in diethyl ether (35 ml) was added dropwise. 
The reaction mixture was stirred overmght at room temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide. The organic layer was removed. The aqueous layer (pH ^ 14) 
was extracted with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield a red/brown solid (3.91 g, >99%). 

The solid was triturated with diethyl ether and the 
remaining solid was collected by vacuum filtration. The reaction product 
was fiirther purified by chromatography using a hexanes/ethyl acetate 
(9:1) solution as eluent. mp 147-149''C. 

A solution of the intermediate prepared above (2.4 g, 7.1 
mmol) in chloroform (85 ml) was stirred at room temperature as 
phosphorous oxychloride (1.1 g, 7.1 mmol) in chloroform (35 ml) was 
added dropwise. Afiier the addition the reaction mixture was refluxed 
ovemii^t. 

The reaction mixture was alkalinized with IN sodium 
hydroxide. The oj^^anic layer was removed and the aqueous layer was 
extracted with chloroform (3 x 150 ml). The organic layers were combined, 
washed with a saturated sodium chloride solution, dried over potassium 
carbonate, filtered, and the solvents were removed in vacuo to yield 2.38 
grams (>99%) of a brown solid. 
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The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate solution as the eluent to yield 1.91 grams 
(84%) of a light yeUow solid. MS 321^1+), mp 169-170*C. 
Analysis for C23H16N2: 

Theory: C, 86.22; H, 5.03; N, 8.04. 

Found: C, 86.21; H, 5.24; N, 8.61. 

Synthesis of l-phenyl-2-(3,5-dimethox3n[>henyl)benzimidazole 

A s(dution of N-phenyl*o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (85 ml) was stirred at room temperature as 3,5- 
dimethylbenzoyl chloride (2.00 g, 1.84 mmol) in diethyl ether (35 ml) was 
added dropwise. The reaction mixture was stirred at room temperature 
overnight. 

The reaction mixture was alkaUnized with IN sodixun 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with ethyl acetate (3 x 100 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
3^eld 3.46 grams of a red/brown oil which solidified upon standing. 

Further purification of the title intermediate was achieved by 
chromatography, mp 107-109''C. 

A solution of the crude product of the reaction above (2.3 g, 
6.6 mmol) in chloroform (85 ml) was stirred at room t^perature as 
phosphorous oxychloride (1.01 g, 6.6 mmol) in chloroform (25 ml) was 
added dropwise. The reaction mixture was then refluxed ovemi^t. 

The reaction mixture was alkalinized with IN sodium 
hydroxide. The organic layer was removed and the aqueous layer was 
extracted with methylene chloride (3 x 100 ml). The organic layers were 
combined, washed with saturated sodium chloride solution, dried over 
potassiimi carbonate, filtered, and the solvents were removed in vacuo to 
yield a red/brown oil which solidified upon standing. 

Further purification of the reaction product was 
accomplished by chromatogriqihy, emplo3^g a hexanes/ethyl acetate 
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mixture as the eluent to yield 1.91 grams (87.6%) of a light yellow solid. 
MS 331(M^, mp 98-99^C. 
Analysis for C21H18N2O2: 

Theory: C, 76.34; H, 5.49; 8.48. 
5 Found: C. 76.17; H, 5.60; N, 8.51. 

Kxflinplft Iff 

Synthesis of l-phenyl-2-(3,4-diinethoxyphenyl)benziinidazole 
10 A solution of N-phenyl-o-phenylenediamine (1.84 g» 10 mmol) 

in diethyl ether (85 ml) was stirred at room temperature as 3,4- 
dimethoxybenzoyl chloride (2.01 g» 10 mmol) in 40 ml of diethyl ether was 
added dropwise. The reaction mixture was then stirred overnight at room 
temperature. 

15 The reaction mixture was then alkalinized with IN sodiiun 

hydroxide. The organic layer was removed and the aqueous layer was 
extracted with diethyl ether (3 x 150 ml). The organic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 

20 yield 3.11 grams. 

This intermediate was further purified by chromatography 
using a hexanes/ethyl acetate solution as the eluent» followed by 
trituration with hexanes to yield a white crystalline solid, mp 159-160^C. 

A solution of the intermediate prepared supra (3. 1 1 g, 8.9 

25 mmol) in chloroform (30 ml) was stirred at room temperature as 

phosphorous oxychloride (1.40 g, 9 mmol) in chloroform (30 ml) was added 
dropwise. The reaction mixture was then refluxed overnight. The 
reaction mixture was partitioned with IN sodium hydroxide. 

The o^rsmic fraction was removed and the aqueous phase 

3 0 was extracted with methylene chloride (3 x 150 ml). The orgamc fractions 
were combined, washed with saturated sodium chloride solution, dried 
over potassium carbonate, filtered, and the solvents were removed in 
vacuo to yield a brown oil which solidified upon standing. 

The crude product was partitioned between IN hydrochloric 

35 add and a hexanes/ethyl acetate (1:1) solution. The aqueous layer was 
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removed and the ori^aiiic layer was extracted with IN hydrochloric acid (3 
X 100 ml). The aqueous fractions were combined and alkalinized to pH 14 
with sodium hydroxide. This basified solution was extracted with ethyl 
acetate (5 x 100 ml). The organic layers were combined, washed with a 
saturated sodium chloride solution, dried over potassiiun carbonate, 
filtered, and the solvents were removed in vacuo to yield 1.70 grams 
(57.8%) of a pink soUd. MS 331(M+). mp 114-115*C. 
Analysis for C21H18N2O2: 

Theory: C, 76.34; H, 5.49; N, 8.48. 

Found: C, 76.3 1; H, 5.63; N, 8.63. 

Example 16 

Ssmthesis of l-phenyl-2-(3,4,5-trimethoxyphenyl)-benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (90 ml) was stirred at room temperature as 3,4,5- 
trimethoxybenzoyl chloride (2.31 g, 10 mmol) in diethyl ether (40 ml) was 
added dropwise. The reaction mixture was then stirred ovemi^t at room 
temperature. The solvents were then removed in vacuo leaving N-[(3,4,5- 
trimethoxyphenyl)carbonyl]-N-phenyl-phenylenediamine. 

The crude intermediate (3.6 g, 9.5 mmol) in chloroform (100 
ml) was stirred at room temperature as phosphorous oxychloride (1.5 g, 
9.5 mmd) in chloroform (20 ml) was added dropwise. The reaction 
mixture was then stirred at room temperature for about 72 hours. 

The reaction mixture was partitioned between IN 
hydrochloric acid and ethyl acetate. The organic phase was discarded and 
the aqueous phase was alkalinized with IN sodium hydroxide. The 
aqueous solution was then extracted with ethyl acetate (3 x 100 ml). The 
organic fractions were combined and dried over potassium carbonate. The 
solvents were removed in vacuo to yield the tide product as a white solid 
(2.08 g, 61%). MS 361(M-*0. mp 139.141*>C. 
Analysis for C22H20N2O3: 

Theory: C, 73.32; H, 5.59; N, 7.77. 

Pound: C, 73.17; H, 5.71; N, 7.72. 



V 
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S}nitheais of l-(4-cUorophenyl)-2-(4-methoxyphenyl)-benziinidazole 

A solution of N-(4-cUorophenyl)-l,2-phenylenediamine (2.13 
5 g, 10 mmol) in diethyl ether (90 ml) was stirred at room temperature as p- 
anisoyl chloride (1.71 g, 10 mmol) in diethyl ether (45 ml) was added 
dropwise. The mixture was stirred ovemii^t at room temperature. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The orgnaic layer was removed and the aqueous fraction was 
10 extracted with ethyl acetate (3 x 150 ml). The organic layers were 

combined, washed with a saturated sodiiun chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield 3.6 grams of a brown4>ink solid. 

The desired intermediate was further purified by 
15 chromatography using a hexanes/ethyl acetate (3:1) solution as the eluent 
to yield a lii^t pink solid, mp 162-164''C. 

The intermediate prepared above (3.40 grams, 9.6 mmol) was 
dissolved in chloroform (90 ml). This solution was stirred at room 
temperature as phosphorous oxychloride in chloroform (40 ml) was added 
2 0 dropwise. The reaction mixture was refluxed overnight. 

The reaction mixture was partitioned with IN sodium 
hydroxide and the organic layer removed. The aqueous fraction was 
further extracted with methylene chloride (3 x 150 ml). The organic 
layers were combined, washed with a saturated sodium chloride solution, 

2 5 dried over potassium carbonate, filtered, and the solvents were removed in 

vacuo. 

The reaction product was frurther purified by chromatography 
to yield 2.64 grams (82. 1%) of a light pink solid. MS 335, 337, mp 183- 
185«C. 

3 0 Analysis for C20H15CIN2O: 

Theory: C, 71.75; H, 4.52; N, 8.37. 
Found: C, 71.67; H, 4.77; N, 8.59. 



35 
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Synthesis of l-phenyl-2-(4-methylphenyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (85 ml) was stixred at room temperature as p-toluoyl 
chloride (1.60 g, 10 mmol) in diethyl ether (35 ml) was added dropwise. 
The reaction mixture was stirred overnight at room temperaturo. 

The reaction mixture was alkalinized with IN sodiimi 
hydroxide. The organic layer was removed and the aqueous fraction was 
extracted with ethyl acetate (3 x 150 ml). The organic layere were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield 3.18 grams of a red/brown solid. 

The intermediate was further purified by chromatography 
using a hexanes/ethyl acetate (9:1) solution as the eluent to yield a yellow 
soUd.mp 143-145-C. 

The intermediate prepared above (2.63 g, 8.6 mmol) was 
dissolved in chloroform (85 ml). This solution was stirred at room 
temperature as phosphorous oj^chloxide (1.35 g, 8.6 mmol) in chloroform 
(30 ml) was added dropwise. Tlie reaction mixture was refluxed 
overnight. 

The reaction mixture was partitioned with IN sodium 
hydroxide and the organic layer removed. The aqueous layer was 
«tracted with methylene chloride (3 x 150 ml). The oi^anic firactions 
were combined, washed with a saturated sodium chloride solution, dried 
over potassium carbonate, filtered and the solvents were removed in vacuo 
to yield a red/brown oil which solidified upon standing. 

The reaction product was fiirther purified by chromatography 
using a hexanes/ethyl acetate (4:1) solution as the eluent. The fractions 
were combined, the solvents removed in vacuo and the resulting oil was 
triturated with diethyl ether. The title product was recystallized from 
diethyl ether/hexanes to yield 1.54 grams (63%). MS 285(M^ 
Analysis for C20H16N2: 

Theory: C, 84.48; H, 5.67; N, 9.85. 

Found: C, 85.60; H, 5.94; N, 10.45. 
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Synthesis of l-phenyl-2-(3-methylphenyl)beiizimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 

in diethyl ether (90 ml) was stirred at room temperature as m-toluoyl 
5 chloride (1.55» 10 mmol) in diethyl ether (30 ml) was added dropwise. The 

reaction mixture was stirred at room temperature overnight. 

The reaction mixture was then alkalinized with IN sodium 

hydroxide. The organic layer was removed and the aqueous fraction was 

extracted with ethyl acetate (3 x 150 ml). The organic fractions were 
10 combined, washed with a saturated sodium chloride solution, dried over 

potassiiun carbonate, filtered, and the solvents were removed in vacuo to 

yield 3.12 grams of a gray/brown solid. 

The intermediate was further purified by chromatography. 

mp 129-130''C. 

15 The intermediate prepared above (2.5 g, 8.3 mmol) in 

chloroform (95 ml) was stirred at room temperature as phosphorous 
oxjrchloride (1.30 g, 8.4 mmol) in chloroform (30 ml) was added dropwise. 
The reaction mixture was refluxed overnight. 

The reaction mixture was alkalinized with IN sodium 

20 hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 

25 using a hexanes/ethyl acetate (4:1) solution as eluent. The product was 
recrystallized from hexanes to yield 0.97 grams (41.1%) of a white solid. 
MS 285(M+), mp 69-71*C. 
Analysis for C2oH]6N2: 

Theory: C, 84.48; H, 5.67; N, 9.85. 

3 0 Found: C, 84.48; H, 5.72; N, 9.80. 

Example 20 

Sjoithesis of l-phenyl-2-(4-pyanophenyl)benzimidazole 
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A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (100 ml) was stirred at room temperature as 4- 
cyanobenzoyl chloride (1.66 g, 10 mmol) in diethyl ether (40 ml) was 
added dropwise. The reaction mixture was stirred overnight at room 
temperature. 

The reaction mixture was partitioned with IN sodium 
hydroxide. The organic fraction was removed and the aqueous layer was 
extracted with ethyl acetate (3 x 150 ml). The combined organic layers 
were washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered and the solvents were removed in vacuo to 
yield 3.31 grams of a red/black oUy gum. 

This oily gum (2.8 g, 8.9 mmol) was dissolved in chloroform 
(90 ml). This solution was stirred as phosphorous oxychloride (1.40 g, 9.0 
mmol) in chloroform (35 ml) was added dropwise. This reaction mixture 
was refluxed overnight. 

The reaction mixture was alkalinized wtih IN sodium 
hydroxide. The organic layer was removed and the aqueous fraction was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield a red/brown oil. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate solution as eluent. The title product then 
was recystaUized firom ethyl acetate to yield a white solid. MS 296(M+), 
mp 182-184*^0. 
Analysis for C20H13N3: 

Theory: C, 81.34; H, 4.44; N, 14.23. 

Found: C, 81.55; H, 4,50; N, 14.47. 

Synthesis of l-phenyl-2-cyclohexylbenzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (85 ml) was stirred at room temperature as 
cydohexanecarbonyl chloride (1.46 grams, 10 mmol) in diethyl ether (3 
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ml) was added dropwise. The reaction mixture was stirred at room 
temperature overnight. 

The reaction mixture was alkalinized with IN sodium 
hydroxide. The organic fraction was removed and the aqueous phase was 
5 extracted with ethyl acetate (3 x 160 ml). The organic fractions were 
combined, washed with saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield 2.81 grams of a brown solid. The reaction product was further 
purified by chromatography to yield N-phenyl-N'-cydohexylcarbonyl- 

1 0 phenyl^ediamine as a yeUow solid. 

The intermediate prepared above (2.0 g, 7 mmol) was 
dissolved in chloroform (80 ml). This solution was stirred at room 
temperature as phosphorous oxychloride (1.05 g, 7 mmol) in chloroform 
(30 ml) was added dropwise. The reaction mixture was refluxed 

15 overnight. 

The reaction mixture was alkalinized with IN sodium 
hydroxide. The organic layer was removed and the aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic fractions 
were combined, washed with a saturated sodium chloride solution, dried 

2 0 over potassium carbonate, filtered, and the solvents were removed in 

vacuo to yield 2.81 grams of a black/red oil which solidified upon standing. 

The reaction product was further purified by partitioning 
between IN hydrochloric acid and an ethyl acetate/hexanes (1:1) solution. 
The aqueous layer was alkalinized to pH 10 using IN sodium hydroxide. 
25 The aqueous fraction was then extracted with ethyl acetate (4 x 250 ml). 
The organic layers were combined, washed with a saturated sodium 
chloride solution, dried over potassiiun carbonate, filtered and the 
solvents were removed in vacuo to jddd 1.47 grams (7696) of a light yellow 
soUd. MS 277(M+), mp OO-lOl'C. 

3 0 Analysis for C19H20N2: 

Theory: C, 82.57; H, 7.29, N, 10.14. 
Found: C, 82.33; H, 7.45; N, 10.21. 

Example 22 

35 
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Synthesis of l-phenyl-2-(2.chlorophenyl)benziinidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (85 ml) was stined at room temperature as 2- 
chlorobenzoyl chloride (1.76 g, 10 mmol) in diethyl ether (35 ml) was 
added dropwise. The reaction mixture was stirred overnight at room 
temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer removed. The aqueous phase was 
extrated with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield 3.2 grams (>99%) of a gray/brown solid. 

The crude product prepared susxa (2.7 g, 8.4 mmol) was 
dissolved in chloroform (95 ml). This solution was stirred at room 
temperature as phosphorous oxychloride (1.3 g, 8,5 mmol) in chloroform 
(30 ml) was added dropwise. The reaction mixture was refluxed overnight 
and then partitioned with IN sodium hydroxide. 

The organic layer was removed and the aqueous phase was 
extracted with methylene chloride (3 x 150 ml). The combined organic 
layers were washed with a saturated sodiiun chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The crude product was fiirther purified by chromatography 
using a hexanes/ethyl acetate (9:1) solution as the eluent. The recovered 
product was triturated in hexanes and filtered to yield 1.31 grams (51.2%) 
of a light yellow soHd. MS 305. 307, mp 146-148''C. 
Analysis for C19H13CIN2: 

Theory: C, 74.88; H, 4.30; N, 9.19. 

Found: C. 75.16; H, 4.31; N, 9.21. 

Examnle 23 

Synthesis of l-phenyl-2-(2-methylphenyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (90 xxsl) was stirred at room temperature as o-toluoyl 
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chloxide (1.55 g, 10 mmol) in diethyl ether (35 ml) was added dropwise. 
The reaction mixture was stirred overnight at room temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous fraction was 
extracted with ethyl acetate (3 x 100 ml). The orgranic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (3:1) solution as the eluent. Trituration 
with hexanes and subsequent filtration yielded a white solid, mp 118- 
120'»C. 

The intermediate prepared above (2.52 g, 8.3 mmol) in 
chloroform (95 ml) was stirred at room temperature as phosphorous 
oxychlozide (1.33 g, 8.4 mmol) in chloroform (30 ml) was added dropwise. 
The reaction mixture was refluxed overnight. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the oi^anic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodiiun chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (9:1 to 4:1) solution as the eluent to yield a 
pale yellow oil. The product was triturated with hexanes to yield a light 
yellow solid. MS 285(Nf^, mp 99-101*C. 
Analysis for C20H16N2: 

Theory: C, 84.48; H, 5.67; N, 9.85. 
Found: C, 84.48; H, 5.72; N, 9.80. 

Example 24 

Ssmthesis of l-phenyl-2-(2-methoxyphenyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (90 ml) was stirred at room temperature as 2- 
methoxybenzoyl chloride (1.65 g, 10 mmol) in diethyl ether (35 ml) was 
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added dxopwise. The reaction mixture was stirred overnight at room 
temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous fraction was 
extracted with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodiimi chloride solution, dried over 
potassiiun carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further puzified by chromatography 
using a hexanes/ethyl acetate (9:1) solution as eluent. The reaction 
product was recrystallized frt)m hexanes. mp 178-180''C. 

The intermediate prepared above (2.65 g, 8.3 mmol) in 
chloroform (96 ml) was stirred at room temperature as phosphorous 
oxychloride (1.33 g, 8.4 mmol) in chloroform (30 ml) was added dropwise. 
The reaction mixture was refluxed overnight. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (4:1) solution as eluent to yield 1.64 grams 
(65.7%) of the title product as a white solid. MS 301(M+), mp 159-160*0. 
Analysis for C20H]6N2O: 

Theory: C, 79.98; H, 5.37; N, 9.33. 
Found: C, 80.01; H, 5.36; N, 9.40. 

Example 25 

Synthesis of l*phenyl-2-(3-qyanpphenyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (90 ml) was stirred at room temperature as 3- 
cyanobenzoyl chloride (1.66 g, 10 mmol) in diethyl ether (35 ml) was 
added dropwise. The reaction mixture was stirred overnight at room 
temperature. 



wo 97/33873 



.39. 



PCT/US97/03895 



The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous firaction was 
extracted with ethyl acetate (3 x 100 ml). The oi^anic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (4:1) solution as the elumt. The product 
was recrystailized firom hexanes to yield a white soUd. mp 141-143^0. 

The intermediate prepared above (2.63 g, 8.3 mmol) in 
chloroform (95 ml) was stirred at room temperature as phosphorous 
oxychloride (1.33 g, 8.4 mmol) in chloroform (30 ml) was added dropwise. 
The reaction mixture was refiuxed ovemig^t. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (9:1 to 4:1) solution as eluent. The title 
product was recrystailized firom hexanes and ethyl acetate. MS 296(M^, 
mp 153-154*C. 
Analysis for C20H13N3: 

Theorjr: 81.34; H, 4.44; N, 14.23. 
Found: C, 81.60; H, 4.46; N, 14.38. 

Example 26 

Synthesis of l-dimetiiylaminoethyl-2-phenylbenzimidazole 
dihydrochloiide 

A solution of 2-phenylbenzimidazole (0.97 g, 5 mmol) in N,N- 
dimethylfoimamide (anhydrous, 20 ml) was stirred at room temperature 
imder nitrogen atmosphere. Two equivalents of sodium hydride in 60% 
dispersion (0.40 g» 10 mmol) was quickly added and the reaction mixture 
was allowed to stir \mder nitrogen. N J4-Dimethylaminoethyl bromide 
hydrobromide (1.16 g, 5 mmol) in anhydrous N,N-dimethylformamide (12 
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ml) was added dropwise by syiinge to the stirring mixture. The reaction 
mixture was stibrred overnight at room temperature. 

The reaction mixture was partitioned between acetic add and 
ethyl acetate. The organic layer was discarded and the aciueous phase 
was extracted with diethyl ether (S x 75 ml). AU organic fractions weie 
discarded. 

The aqueous phase was alkalinized with 2N sodium 
hydroxide. This solution was then extracted with diethyl ether (4 x 100 
ml). The organic fractions were combined^ washed with a saturated 
sodium chloride solution, dried over potassium carbonate, filtered, and the 
solvents were removed in vacuo to yield 1.11 grams of a cloudy oil. 

The crude product was stirred with 2N hydrochloric add in 
ethanoL The solvents were removed in vacuo to yield 1.16 (66.8%) grams 
of the title product as a white solid. MS 309, mp 228-23 l^'C 
Analysis for C17H19N3 • 2 HCl: 

Theory: C, 60.36; H, 6.26; N, 12.42. 
Found: C, 60.09; H, 6.22; N, 12.18. 

Sjndthesis of l-phenyl-2-(3,4-dichlorophenyl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (90 ml) was stirred at room temperature as 3,4- 
dichlorobenzoyl chloride (2.10 g, 10 mmol) in diethyl ether (35 ml) was 
added dropwise. The reaction mixture was stirred overnight at room 
temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous fraction was 
extracted with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodium diloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (4:1) solution as the eluent. The product 
was recrystallized frt>m hexanes to 3^eld a white solid, mp 146-147*0. 
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The intermediate prepared above (3.00 8.4 mmol) in 
chloroform (95 wl) was stirred at room temperature as phosphorous 
oxychloride (1.33 8.4 mmol) in chloroform (30 ml) was added dropwise. 
The reaction mixture was refluxed overnight. 

The reaction mixture was alkalinized with IN sodiiun 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (4:1) solution as eluent. The title product 
was recrystallized firom hexanes and ethyl acetate as a white solid. MS 
339, 341, mp 144-146<'C. 
Analysis for C19H12CI2N2: 

Theory: C, 67.27; H, 3.57; N, 8.26. 
Found: C, 67.53; H, 3.61; N, 8.13. 

S}aithesis of l-^iperidin-l-ylethyl)-2-phenylbenzimidazole 
dihydrochloride 

A solution of 2-phenylbenzimidazole (0.97 g, 5 mmol) in N,N- 
dimethylformamide (anhydrous, 20 ml) was stirred at room temperature 
under nitrogen atmosphere. Two equivalents of sodium hydride in 60% 
dispersion (0.40 g, 10 mmol) was quickly added and the reaction mixture 
was allowed to stir under nitrogen. N-(2-chloroethyl)piperidinyl (10 
mmol) in anhydrous N,N-dimethy]formamide (12 ml) was added dropwise 
by syringe to the stirring mixture. The reaction mixture was stirred 
ovemis^t at room temperature. 

The reaction mixture was partitioned between acetic add and 
ethyl acetate. The organic layer was discarded and the aqueous phase 
was extracted with diethyl ether (5 x 76 ml). All organic fractions were 
discarded. 

The aqueous phase was alkalinized with 2N sodium 
hydroxide. This solution was then extracted with diethyl ether (4 x 100 
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ml). The organic fractions were combined, washed with a saturated 
sodium chloride solution, dried over potassiimi carbonate, filtered, and the 
solvents were removed in vacuo to yield 1.11 grams of a cloudy oil. 

This was then stirred in 2N hydrochlozic acid in ethanol. 
The solvents were removed in vacuo, yielding the crude product, which 
was recrystallized twice from an ethyl acetate/ethanol solution. The 
solvents were removed in vacuo to yield 0.95 grams (50.2%) of the title 
product as a white solid. MS 306 
Analysis for C20H23N3 • 2 HCl: 

Theory: C, 63.49; H, 6.66; N, 11.11. 

Found: C. 63.33; H, 6.64; N, 10.92. 

^ Tf tffmpl ft 2 3 

Ssmtfaesis of l-phenyl-2*(4-hydrox3^henyl)benzimidazole 

A solution of l-phenyl-2-(4* 
methoxyphenyl)benzimidazole(0.60 g, 2.0 mmol) in hydrobromic acid (6 
ml) and acetic acid (6 ml) was refluxed for 40 hours. The reaction mixture 
was extracted with diethyl ether (5 x 150 ml) at a pH of 3-5. The organic 
solvents were discarded. The aqueous phase was alkalinized to pH 8-9 
and extracted with ethyl acetate (5 x 150 ml). The organic fractions were 
combined and dried over potassium carbonate, then filtered and the 
solvents were removed in vacuo to yield a white solid. The solid was 
triturated in diethyl ether and filtered to yield 0.25 grams of the desired 
product. 

Analysis for C19H14N2O • 0.5 H2O: 

Theory: C, 77.27; H, 5.12; N, 9.48. 
Found: C, 77.56; H, 4.96; N, 9.39. 

TCvsiiwplo an 

Ssmthesid of l-phenyl-2-(3-nitro-4-chlorophenyl)-benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
and 4-chloro-3-nitro-benzoic add (2.07 g, 10 mmol) in anhydrous 
tetrahydrofiiran was stirred at room temperature as N-ethoxycarbonyl-2- 
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ethoxy-l,2-dihydroguinoline (3.71 g, 16 mmol) in tetrahydxofiuran was 
added drcipwise. The reaction was stizred at room temperature for about 
72 hours. 

The reaction mixture was alkalinized with IN sodium 
hydroxide. The aqueous layer was extracted with ethyl acetate (4 x 100 
ml). The organic fractions were combined, dried over potassiimi 
carbonate, filtered, and the solvents removed in vacuo to yield the crude 
product. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (4:1) solution as eluent. 

The intermediate prepared above (3.00 g, 8.4 mmol) in 
chlorofi>rm (95 ml) was stirred at room temperature as phosphorous 
oxychloride (1.33 g, 8.4 mmol) in chloroform (30 ml) was added dropwise. 
The reaction mixture was refluxed overnight. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 160 ml). The o:i^anic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was fiuiher purified by chromatography 
using a hexanes/ethyl acetate (9:1) solution as eluent. The title product 
was reciystallized firom firactions with ethyl acetate as a white solid. MS 
349, 351, mp 179*182'>C. 
Analysis for CigHi2CnN302: 

Theory: C, 65.24; H, 3.46; N, 12.01. 
Found: C, 65.50; H, 3.51; N, 12.06. 

Example 31 

Synthesis of l-[2*(morphQlin-4-yl)ethyl]-2-phenylbenzimidazole 
dihydrochloride 

A solution of 2-phenylbenzimidazole (0.97 g, 5 nunol) in N,N- 
dimethylformamide (anhydrous, 20 ml) was stirred at 60^C under 
nitrogen atmosphere. Two equivalents of sodium hydride in 60% 
dispersion (0.40 g, 10 mmol) was quickly added and the reaction mixture 
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was allowed to stir under nitrogen. N-(2-chloroethyl)moipholine (0.93 5 
mmol) in anhydrous N^N-dimethylformamide (12 ml) was added dropwise 
by syringe to the stirring mixture. The reaction mixture was stirred 
overnight at GO^'C. 

The reaction mixture was partitioned between acetic acid and 
ethyl acetate. The organic layer was discarded and the aqueous phase 
was Mtracted with diethyl ether (6x75 ml). All organic fractions were 
discarded. 

The aqueous phase was alkalinized with 2N sodium 
hydroxide. This solution was then extracted with diethyl ether (4 x 100 
ml). The organic fractions were combined, washed with a saturated 
sodium chloride solution* dried over potassium carbonate, filtered, and the 
solvents were removed in vacuo to yield a cloudy oil. 

The crude product was mixed with a 2N hydrochloric 
add/ethanol (1:1) solution. The solvents were removed in vacuo to yield 
1.52 grams (40%) of a white solid. MS 308. 
Analysis for C19H21N3O • 2 HCl • EtOH: 

Theory: C, 59.16; H, 6.86; N, 9.85. 

Pound: C, 59.20; H, 6.85; N, 9.89. 

Example 32 

Synthesis of l-phenyl-2*propylbenzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in tetrahydrofuran (90 ml) was stirred at room temperature under a 
nitrogen atmosphere as butanoyl chloride (1.28 g, 12 mmol) in 
tetrahydrofuran (35 ml) was added dropwise. The reaction mixture was 
stirred overnight at room temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous fraction was 
extracted with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 
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The reaction product was further purified by ehromatography 
using a hexanes/ethyl acetate (3:1) solution as the eluent. The product 
was recrystaUized firom hexanes to yield a white solid. 

The intermediate prepared above in chloroform was stirred at 
room temperature as an equimolar amount of phosphorous oxychloride in 
chloroform was added dropwise. The reaction mixture was refiuxed 
overnight. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the oi^anic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potaaaium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (3:1) solution as eluent. The title product 
was recrystaUized &om hexanes and ethyl acetate as a white sdid, 
yielding 1.55 grams (66%). MS 237, mp 53-55<'C. 
Analysis for C16H16N2: 

Theory: C, 81.32; H, 6.82; N, 11.85. 

Found: C, 81.06; H, 6,69; N, 12.02. 

Example 33 

Sjntithesis of l-phenyl-2-(thien-2-yl)benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (90 ml) was stirred at room temperature under a nitrogen 
atmosphere as an equimolar amoimt of 2-chlorocarbonylthiophene in 
diethyl ether (35 ml) was added dropwise. The reaction mixture was 
stirred ovemi^t at room temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous firaction was 
extracted with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield a red/brown oiL 
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The reaction product was further purified by trituration in 
diethyl ether. Recrystallization from ethyl acetate yielded a white stdid 
which was homogeneous on thin layer chromatography, mp 150-152*C. 

The intermediate prepared above in chloroform was stirred at 
room temperature as an equimolar amount of phosphorous oxychloride in 
chloroform was added dropwise. The reaction mixture was refluxed 
ovemi^t. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodiiun chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo. 

The reaction product was fiirther purified by chromatography 
using a hexanes/ethyl acetate (3:1) solution as eluent. The title product 
was recrystallized firom hexanes and ethyl acetate as clear crystals. The 
solvent was removed in vacuo, yielding 1.70 grams (64%). MS 277, mp 
118-120*C. 

Analysis for C17H12N2S: 

Theory: C, 73.62; H, 4.72; N, 10.10. 
Found: C, 73.84; H, 4.48; N, 10.30. 

Synthesis of l-phenyl-2-(3-hydro3^henyl)benzimidazole 

A solution of l-phenyl-2-(3*methox3rphenyl)benzimidazole 
(0.20 gy 0.67 nunol) and hydrobromic add (4 ml) and acetic add (4 ml) was 
refliixed for 48 hours. The reaction mixture was cooled and extracted with 
diethyl ether (5 x 150 ml) at pH 3-5. The organic fractions were discarded. 
The aqueous phase was alkalinized to pH 8-9 and extracted with ethyl 
acetate (5 x 150 ml). The organic layers were combined, washed with a 
saturated sodium chloride solution, dried over magnesium sul&te, 
filtered, and the solvents were removed in vacuo to 3deld a white soUd. 
The solid was triturated with an ethyl acetate/diethyl ether mixture. 

Hie reaction product was fiirther purified by chromatography 
to yield 0.17 grams (88.6%) of a white solid. MS 2870^^, mp 246-247«C. 
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Analysis for C19H14N2O • 2 H2O: 

Theory: C, 78.71; H, 5,01; 9.66. 
Found: C, 78.79; H, 5.16; N, 9.70. 

Sjoithesis of l-plienyl-2-pentylbenzixnidazole hydrocliloxide 

A solution of N-phenyl-o-phenylenediamine (1.84 10 mmol) 
in diethyl ether (90 ml) was stirred at room temperature as an equimolar 
amoimt of hexanoyl chloride in diethyl ether (35 ml) was added dropwise. 
The reaction mixture was stirred overnight at room temperature. 

The reaction mixture was alkalinized with IN sodiimi 
hydroxide and the organic layer was removed. The a<iueous fraction was 
extracted with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassimn carbonate, filtered, and the solvents were removed in vacuo to 
yield a red/brown oiL 

The reaction product was further purified by trituration in 
diethyl ether. Recrystallization from etliyl acetate yielded a white solid 
which was homogeneous on thin layer chromatography. 

The intermediate prepared above in chloroform was stirred at 
room temperature as an equimolar amount of phosphorous oxychloride in 
chloroform was added dropwise. The reaction mixture was refluxed 
overnight. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate* filtered, and the solvents were removed in vacuo to 
}deld a red/brown oiL 

The reaction product was frirther purified by chromatography 
using a hexanes/ethyl acetate (3:1) solution as eluent to yield 1.82 grams 
(69.2%) as a red oil. The red oQ was stirred in a 2N hydrochloric 
add/ethanol (1:1) solution for ten minutes. The ethaol was removed in 
vacuo to yield 2.1 grams of a brown/green soHd. The title product was 
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recrystallized from an ethyl acetate/ethanol (1: 1) solution. The solvent 
was removed in vacuo, yielding 1.56 grams (51.9%) of the title product as 
a white solid. MS 265(M+), mp 202-206''C. 
Analysis for C18H20N2 • HCl: 

Theory: C, 71.87; H. 7.04; N, 9.31. 

Found: C, 72.02; H, 7.23; N, 9.05. 

Examplft 36 

Synthesis of l-phenyl-2-(2-trifluoromethylphenyl)-benzimidazole 

A solution of N-phenyl-o-phenylenediamine (1.84 g, 10 mmol) 
in diethyl ether (90 ml) was stirred at room temperature as an equimolar 
amount of 2-trifluoromethylbenzoyl chloride in diethyl ether (35 ml) was 
added dropwise. The reaction mixture was stirred overnight at room 
temperature. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous fraction was 
extracted with ethyl acetate (3 x 100 ml). The organic fractions were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield a red/brown oil. 

The reaction product was further purified by trituration in 
diethyl ether to yield a white solid which was homogeneous on t^in layer 
chromatography, mp 161-162''C. 

The intermediate prepared above in chloroform was stirred at 
room temperature as an equimolar amount of phosphorous oxychloride in 
chloroform was added dropwise. The reaction mixture was refluxed 
ovemii^t. 

The reaction mixture was alkalinized with IN sodium 
hydroxide and the organic layer was removed. The aqueous layer was 
extracted with methylene chloride (3 x 150 ml). The organic layers were 
combined, washed with a saturated sodium chloride solution, dried over 
potassium carbonate, filtered, and the solvents were removed in vacuo to 
yield a red/brown mixture of oil and solid. 
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The reaction product was further purified by chromatography 
using a hexanes/ethyl acetate (3:1) solution as eiuent followed by 
trituration in diethyl ether to yield 1.07 grams (37.2%). Recrystallization 
from hexanes 3delded white crystals, homogeneous on thin layer 
chromatography. MS 338, mp 142-144''C. 
Analysis for C20H13F3N2: 

Theory: C, 71.00; H, 3.87; N, 8.28. 

Found: C, 70.70; H, 3.97; N, 8. 12. 

Sjmthesis of l-benzyl-2-(3»4»5-trimetho3Qn[>henyl)-benzimidazole 

A solution of o-phenylenediamine dihydrochloride (3.62 g, 20 
mmol), 3,4,5-tiimethoxybenzaldehyde (3.92 g, 20 mmol) and triethylamine 
(2.02 g» 20 moles) in nitrobenzene (100 mis) was heated at ISO^'C for 32 
hours. Themajorityofthe nitrobenzene was distilled off by vacuum 
distillation (60^*0 pot temperature, 0.1 mm Hg). The crude product was 
partitioned between IN sodium hydroxide and ethyl acetate. The ethyl 
acetate fraction was removed and the aqueous phase was extracted with 
ethyl acetate (3 x 100 ml). 

The organic fractions were combined, washed with brine, 
dried over sodium sulfate, filtered, and the solvents were removed in 
vacuo to yield a red brown oil which was purified by column 
chromatography using a hexanes/ethyl acetate (1:1) solution as the eluting 
solvent to yield the intermediate 2-(3,4,5- 
trimethoxyphenyl)benzimidazole. NMR 

The intermediate prepared above (0.91 g, 3.2 mmol) and 
sodium hydride (0.26 g, 6.4 mmol) in N,N*dimethylformamide (25 ml) 
were stirred at room temperature as benzyl bromide (0.60 g, 6.4 mmol) 
was added dropwise. The resulting mixture was stirred at room 
temperature for 30 minutes and then heated to 120''C where it was 
maintained for seven days. Additional sodium hydride and 
benzymbromide were added as needed force the reaction forward. 
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The crude product was partitioned between water and ethyl 
acetate, followed by an acid/base workup in a separatory fimnel. The 
organic layers were washed with brine, dried over potassium carbonate, 
filtered, and the solvents were removed in vacuo. MS 375(M+) 
Analysis for C23H22N2O3: 

Theory: C, 73.78; H, 5.92; N, 7.48. 

Found: C, 73:99; H, 5.95; N. 7.19. 

Synthesis of l-phenylmethyl*2-(3,4,5-trimethoxyphenyl)-6- 
methoxsHbenasimidazole (Example 38) and l*pheny]methyl-2-(3,4,6. 
tEimethoxyphenyl)-6-methoxybenzimidazole (Example 39) 

This S3nithesis was performed essentially as described in 
Example 37 except for the substitution of 4-methoxy-o-phenylenediamine 
in place of the o-phenylenediamine employed there. This resulted in a 
mixture of the regioisomers of the title products which coidd be separated 
using common techniques. 

Example 38: MS 404, Analysis for C24H24N2O4: 

Theory: C, 71.27; H. 5.98; N, 6.92. 

Found: C, 71.07; H, 6.16; N, 6.89. 
Example 39: MS 404, Analysis for C24H24N2O4: 

Theory: C, 71.27; H, 5.98; N, 6.93. 

Found: C, 71.24; H, 6.11; N, 6.97. 

Synthesis of l-(3-chlorobenzyl)-2-(3,4,5-tiimethoxyphenyl).benzimidazole 

An amoimt of 2-(3,4,6-trimethoxyphenyl)-ben2dmidazole (1.05 
g, 3.69 mmol), prepared as described in Example 37, supra, was added to a 
three-neck flask with a stir bar. The contents of the flask were placed 
under nitrogen atmosphere and 50 ml of N,N-dimethylformamide was 
added by syringe. This mixture was then allowed to stir. Sodium hydride 
(60%, 0.41 g, 4.10 mmol) was then added to the reaction mixture and the 
resulting mixture was stirred for about 30 minutes. 



wo 97/33873 



-51- 



PCT/US97y03895 



The resultinir grayish mixture was then placed into an oil 
bath and 3-chlorobenzyl bromide (0.60 ml, 4.10 mmol) was added. The 
temperature of the solution was then raised to 60^C and the solution was 
allowed to stir ovemr^ht. 

The solution was then removed from the oil bath and allowed 
to cool to room temperature. Ethyl acetate (150 ml) was then added to the 
reaction mixture. This organic solution was extracted with water (3 x 150 
ml), followed by 25 ml of diethyl ether. The organic phase was then 
washed with a saturated sodium chloride solution. 

The organic solution was reduced in vacuo to yield a yellow 
oil. To this oil ethanol (50 ml) and hexanes (20 ml) were added. The 
yellow solution was cooled and allowed to crystallize. The acystals were 
recovered by filtration and then washed with 20 ml of hexanes. The 
liquors were reduced in vacuo and allowed to crystallize to yield a total of 
1.05 grams of the title product. MS 409, 411, mp SS^'C. 
Analysis for C23H21CIN2O3: 

Theory: C, 67.56; H, 5.18; N, 6.85. 
Found: C, 67.82; H, 5.21; N, 6.64. 

Fixantplfi 41 

Synthesis of l-(2-chlorobenzyl)-2-(3,4,5-trimethoxyphenyl)-benzimidazole 

The title product was prepared essentially as described in 
Example 40, sunca^ except that 2-chlorobenzyl bromide (0.50 ml, 4.19 
mmol) was employed instead of the 3-chlorobenzyl bromide, to yield 1.13 g 
(80%). MS 409, 411, mp 173.5*C. 
Analysis for C23H21CIN2O3: 

Theory: C, 67.56; H, 5.18; N. 6.85. 

Found: C, 67.33; H, 5.21; N, 6.60. 

Sjnithesis of l-(4-chlorobenzyl)-2-(3,4,5-trimethoxyphenyl)-benzimidazole 

The title compound was prepared essentially as described in 
Example 40, aunxa, except that 4-chlorobenzyl bromide (0.75 g, 4.03 
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mmol) was employed instead of the S-chlorobenzyl bromide. MS 409, 411, 
mp IBB'^C. 

Analysis for C23H21CIN2O3: 

Theory: C, 67.56; H, 5. 18; N, 6.85. 
Found: C, 68,07; H, 5.34; N, 6.46. 

Synthesis of l-(2-methylbenzyl)-2-(3,4,5-tnmethoxyphenyl)-benziniidazole 

The title compoimd was prepared essentially as described in 
Example 40, fiiipra, except that a-bromo-o-xylene (0.55 g, 4.10 mmol) was 
employed instead of the 3-chlorobenzyl bromide. MS 389, mp 140.5'C. 
Analysis for C24H24N2O3: 

Theory: C, 74.21; H. 6.23; N, 7.21. 

Found: C, 73.92; H, 6.25; N, 7.05, 

Fiyamrlfl 44 

Ssmthesis of l-(3*methylbenzyl)-2-(3,4,5-trimethox3^henyl)-benziniidazole 

The title compound was prepared essentially as described in 
Example 40, susxa, except that a-bromo-m-xylene (0.55 g, 4.10 mmol) was 
employed instead of the 3-chlorobenzyl bromide. MS 389, mp 78^*0. 
Analysis for C24H24N2O3: 

Theory: C, 74.21; H, 6.23; N, 7.21. 

Found: C, 73.96; H, 6.34; N, 7.01. 

Exflmplft 45 

Synthesis of l-(3-methoxybenzyl)-2-(3,4,5-tnmethoxyphenyl)- 
benzimidazole 

The title compound was prepared essentially as described in 
Example 40, supxa, except that 3-methoxybenzyl chloride (0.60 ml. 4.13 
mmol) was employed instead of the 3-chlorobenzyl bromide. MS 405, mp 
127°C. 

Analysis for C24H24N2O4: 
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Theory: C, 71.27; H, 5.98; N, 6.93. 
Found: C. 71.21; H, 6.04; 6.98. 

Exmnplft 4f? 

Synthesis of l-(4-methox7benzyl)*2-(3,4,5-trunethoxyphenyl)- 

The title compound was prepared essentially as described in 
Example 40» fiupxa, except that 4-methoxybenzyl chloride (0.60 ml, 4.13 
mmol) was employed instead of the 3-chlorobenzyl bromide. MS 405, mp 
IIO.S'^C. 

Analysis for C24H24N2O4: 

Theory: C. 71.27; H, 5.98; N, 6.93, 
Found: C, 71.01; H, 6.01; N, 7.08. 

Ssmthesis of l-(2-methoxybeiizyl)-2-(3,4,5-trimethoxyphenyl)- 

The title compound was prepared essentially as described in 
Example 40, suizza, except that 2-methoxybenzyl chloride (60% 1.26 ml, 
4.13 mmol) was employed instead of the 3-chlorobenzyl bromide. This 
reaction was performed at room temperature and allowed to stir for about 
six hours. MS 405, mp 136''C. 
Analysis for C24H24N2O4: 

Theory: C, 71.27; H, 5.98; N, 6.93. 

Found: C, 71.47; H, 6.13; N, 6.92. 

Example 48 

Sjmthesis of l-(2-fluorobenzyl)-2-(3,4,5-trimethoxyphenyl)-benzimidazQle 

The title compound was prepared essentially as described in 
Example 40, fiuiira> except that 2-fluorobenzyl bromide (0.48 ml, 4.33 
mmol) was employed instead of the 3-chlorobenzyl bromide. MS 392, mp 
153.5^0. 
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Analysis for C23H21FN2O3: 

Theory: C, 70.40; H, 5.39; N, 7.14. 
Found: C, 70.15; H. 5.37; N, 7.14. 

TCvftTinplfi 4fl 

S3mthesis of l-(2-trifluoromethylbenzyl)-2-(3,4,5-tnmethoxyplienyl)- 
benzimidazole 

The tide compound was prepared essentially as described in 
Example 40, fiiipxa, except that 2-trifluoromethylbenzyl bromide (0.48 ml, 
4.33 mmol) was employed instead of the 3*chlorobenzyl bromide. MS 442, 
mp 144*C. 

Analysis for C24H21F3N2O3: 

Theory: C, 65.15; H, 4.78; N, 6.33. 
Found: C, 65. 18; H, 4.76; N, 6.28. 

Synthesis of l-(2-iodobenzyl)-2-(3,4,5-trimethoxyphenyl).benzimidazole 

The title compoimd was prepared essentially as described in 
Example 40, fiUfixa, except that 2-iodobenzyl bromide (1.0 ml, 4.33 mmol) 
was employed instead of the 3-chlorobenzyl bromide. MS 500, mp 179''C. 
Analysis for C23H21IN2O3: 

Theory: C, 55.21; H. 4.23; N, 5.60. 
Found: C, 55.26; H, 4.27; N, 5.71. 

FiMinplftfil 

Sjmthesis of l-(2-bromobenzyl)-2-(3.4,5-tiimethoxyphenyI)-benzimidazole 

The title compound was prepared essentially as described in 
Example 40, auDXa, except that 2-bromobenzyl bromide (1.0 ml, 4.33 
mmol) was employed instead of the 3-chlorobenzyl bromide. MS 452, 454, 
mp 152'*C. 

Analysis for C23H2iBrN20d: 

Theory: C, 60.94; H, 4.67; N, 6.18. 
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Found: C, 61.18; H, 4.62; N, 6.09. 

Synthesis of l-(2,6-dichlorobenzyl)-2-(3.4,5-triniethoxyphenyl)- 
benzimidazole 

The title compound was prepared essentially as described in 
Example 40» ausxa> except that 2,6-dichlorobenzyl bromide (0.81 4.10 
mmol) was employed instead of the 3-cfalorobenzyl bromide, mp 157^C. MS 
443, 445, NMR, IR. 
Analysis for C23H20CI2N2O3: 

Theory: C, 62.31; H, 4.55; N, 6.32. 

Found: C, 62.84; H, 4.57; N, 6.31. 

Synthesis of l-(3,4-dichlorobenzyl)-2-(3,4,5-trimethoxyphenyl)- 
benzimidazole 

The title compound was prepared essentially as described in 
Example 40, aupra, except that 3,4-dichlorobenzyl bromide (0.90 4.45 
mmol) was employed instead of the 3-chlorobenzyl bromide, mp 145*'C, MS 
443, 445, NMR, JR. 
Analysis for C23H20CI2N2O3: 

Theory: C, 62.31; H, 4.55; N, 6.32. 

Found: C. 62.35; H, 4.65; N, 6.17. 

Synthesis of l-(2,4-dichlorobenzyl)-2-(3,4,5-tiimethoxyphenyl)- 
benzimidazole 

The title compound was prepared essentially as described in 
Example 40, susm except that 2,4-dichlorobenzyl bromide (0.45 g, 2.23 
mmol) was employed instead of the 3-chlorobenzyl bromide, mp 186^0. MS 
443, 445, NMR, IR. 
Analysis for C23H20CI2N2O3: 
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Theory: C, 62.31; H. 4.55; N, 6.32. 
Found: C. 62.22; H, 4.65; N, 6.34. 

Synthesis of l-(4-methylbenzyl)-2-(3,4,5-trimethoxyphenyI)-benziinidazole 

The title compound was prepared essentially as described in 
Example 40, aiUUCa* except that 4-methylbenzyl bromide (0.45 g, 2.23 
mmol) was employed instead of the 3-chlorobenzyl bromide. MS 389, mp 
84.5'»C. 

Analysis for C24H24N2O3: 

Theory: C, 74.21; H. 6.23; N, 7.21. 
Found: C, 73.91; H, 6.23; N, 6.98. 

Synthesis of l-(2-chlorobenzyl)-2-(3-methylphenyl)-benzimidazole 

The intermediate 2-(3-methylphenyl)-benzimidazole was 
prepared by first mixing reacting l-amino-2-nitrobenzene (8.50 g, 61.54 
mmol) with toluene (180 ml) and heating to 100*^0. To this mixture was 
then added 20 ml of N»N-diethylaniline and the reaction vessel was placed 
under a nitrogen atmosphere. To this solution was then added 3- 
methylbenzoyl chloride (24 ml» 132 mmol) and this mixture was then 
stirred ovemiglit. 

After stirring, the reaction mixture was neutralized by the 
addition of 300 ml of IN hydrochloric acid and 300 ml of ethyl acetate. 
This was then stirred for about 30 minutes. The organic phase was then 
removed and washed with water, followed by drying over magnesiimi 
sulfate and reduction in vacuo, sdelding yellow crystals of the 
intermediate l-[(3-methylphenyl)carbonylamino]-2-nitrobenzene. The 
nitro group of the above intermediate was then reduced by catalytic 
hydrogenation employing a palladium on activated carbon catalyst 
resulting in the substituted 1,2-phenylenediamine. 
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The substituted l»2-phenylenediamine (1.01 g, 4.46 mmol) 
was then cydized using phosphorous oxychloride (1.01 g» 6.6 mmol) as 
described fiUQxa to produce 2-(3-methylphenyl)benzimidazole. 

The title compound was then produced by reacting the 2-(3- 
methylphenyl)benzimidazole (0.75 g, 3.60 mmol) with 2-chlorobenzyl 
chloride (0.50 ml, 4.19 mmol) essentially as described in Example 40, 
auxuca. MS 332, 334, mp 117''C. 
Analysis for C21H17CIN2: 

Theory: C, 75.78; H, 5.15; N, 8.42. 

Found: C, 75.99; H, 5.24; N, 8.43. 

The following compounds were synthesized essentially as 
described in Example 56 by reacting 2-(3*methylphenyl)benzimidazole 
with the appropriately substituted benzyl halide. 

Bxamplft 57 

l-(3-Chlorobenzyl)-2-(3-methylphenyl)benzimidazole. 
MS 332, 334, mp SO'^C. 
Analysis for C21H17CIN2: 

Theory: C, 75.78; H, 5.15; N, 8.42. 

Found: C. 75.51; H, 5.20; N. 8.56. 

Example 68 

l-(4-Chlorobenzyl)-2-(3-metfaylphenyl)benzimidazole. 
MS 332, 334, mp 108.5^C. 
Analysis for C21H17CIN2: 

Theory: C, 75.78; H, 5.15; N, 8.42. 

Found: C, 75.55; H, 5.29; N, 8.37. 

Example 60 

l-(2-Bromobenzyl)-2-(3-methylphenyl)benzimidazole. 
MS 376, 378, mp 134^C. 
Analysis for G2iH]7BrN2: 

Theory: C, 66.85; H, 4.54; N, 7.42. 

Found: C, 67. 13; H, 4.60; N, 7.34. 
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Examnlft fil 

l-(2-IodobeiizyI)-2-(3-metliylphenyl)benziimdazole. 
MS 424, 425, mp 129»C. 
5 Analysis for C21H17IN2 • 0.1 hexanes: 

Theory: C, 59.93; H, 4,28; N, 6.47. 
Found: C, 60.20; H, 4. 12; N, 6.87. 

F.vnmplA fig 

l-(2,6-Diclilorobenzyl)-2-(3-methy^henyl)benzimidazole. 
mp 1480C. NMR, IR. MS 366, 368. 
Analysis f(« C21H16CI2N2 • 0.1 h^ianes: 
Theory: C, 69.02; H, 4.67; N. 7.46. 
Found: C, 69.25; H, 4.42; N, 7.21. 

l-(2,4-Oichloroben^l)-2-(3>methylphenyl)benziniidazole. 
mp lerC, MS 366. 368. IR, NMR. 
Analysis for C2iHi6Cl2N2: 

Theory: C, 68.68; H, 4.39; N, 7.63. 
Found: C, 68.48; H, 4.61; N, 7.70. 

Examnlft fi4 

l-(3,4-Dichlorobenzyl)-2-(3-me1ihylphenyl)benzimidazole. 
25 mp 85.5''C, MS 366, 368, IR, NMR. 
Analysis for C21H16CI2N2: 

Theory: C, 68.68; H, 4.39; N, 7.63. 
Found: C, 68.88; H, 4.41; N, 7.60. 

30 Examnlft 6S 

l-(3-Methoxybenzyl)-2-(3-methylphenyl)benziniidazole. 
Oil at room temperature. NMR, IR, MS 328. 
Analysis for C22H2oN20: 

Theory: C, 80.46; H, 6.14; N, 8.53. 
35 Found: C. 81.39; H, 6.70; N, 8.23. 
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l-(4-Methoxybenzyl)-2-(3-methylphenyl)beiiziniidazole. 
mp gi^'C, NMR, m, MS 328. 
5 Analysis for C22H20N2O- 

Theory: C. 80.46; H, 6.14; N, 8.53. 

Found: C, 80.68; H» 6.31; 8.63. 



Example 67 

1 0 Synthesis of l-(3-liydroxybenzyl)-2-(3-methylphenyl)benzimidazole 
hydrobromide. 

This compound was prepared by first synthesizing l-(3- 
methoxybenzyl)-2-(3-methylpheny0benzimidazole as described in 
15 Example 65, sunra. With an amount of the compound of Example 65 (4.31 
g, 13.12 mmol) in glacial acetic acid (50 ml) and hydrobromic acid (300 ml 
of a 48% wfy in acetic acid solution). This mixture was stirred for 2 hours 
while warming to reflux. The mixture was then stirred at reflux for about 
three hoiurs. 

2 0 The reaction mixture was then allowed to cool to room 

temperature after which time the reaction mixture was partitioned 
between water (1 liter) and methylene chloride^ followed by extraction 
with methylene chloride (3 x 600 ml). The organic fractions were 
combined and dried over magnesium sulfate. After reducing the volume of 

2 5 the organic solvents in vacuo, the organic fraction was washed with water 

(3 X 250 ml) to remove residual hydrobromic acid. The orgnaic phases 
were combined and dried in vacuo to yield a gray solid which was washed 
with diethyl ether (2 x 260 ml) and dried in a vacuum oven. NMR, IR, MS 
314, mp 235°C. 

3 0 Analysis for C21H18N2O • HBn 

Theory: C, 63.81; H. 4.84; N, 7.09. 
Found: C, 64,45; H, 5.02; N, 7.23. 
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Synthesis of l-benzyl-2-(3,4,5-trimethoxyphe]iyl)-6-(hydroxy)- 
benzimidazole hydrochloride. 

The title compound was prepared by first reacting 4-amino-3- 
nitrophenol (25.0 g, 162.2 mmol) with 3,4,5-trimethoxybenzoyl chloride 
(112 485.6 mmol) in N^N-diethylaniline (69 ml) and toluene (500 ml). 
The reaction mixture was stirred and the temperature was raised to 
lOO^C. The solution was maintained at this temperature for about 6 
hours as a yellow precipitate formed. The reaction mixture was then 
partitioned between IN hydrochloric acid (250 ml) and ethyl acetate (250 
ml). The crystals were then removed by filtration and washed with ethyl 
acetate (300 ml) and water (300 ml) to yield the intermediate l-(3,4,5- 
trimetho3Qr)benzyl ester of 4-(3»4,5-trimethoxyphenylcarbonylamino)-2- 
nitrophenol. 

A benzyl group was then substituted on the nitre group by 
reacting the above intermediate (10 g, 18.4 mmol) with benzaldehyde (6 
ml) in N,N-dimethylformamide (100 ml) under a hydrogen atmosphere 
(60*'C at 60 p..si..) with 6.0 g of a palladium on activated carbon catalyst. 

The benzimidazole ring was closed using phosphorous 
oxychloiide in chloroform as described supra . The ester on the 6-hydroxy 
group of the benzimidazole was removed by incubating the intermediate 
in IN sodium hydroxide (500 ml) and tetrahydrofuran (500 ml). This 
solution was stirred overnight, followed by acidification with a sufficient 
amount of 1 N hydrochloric acid to reduce the pH to 1.0. This solution 
was then washed with ethyl acetate (2 x 500 ml). The organic fractions 
were combined, dried over ms^esium sulfate, and the solvents removed 
ia vaciio to yield a brownish/red solid. The title compound was further 
purified by flash chromatography to yield a grayish solid. MS 390. 
Analysis for C23H22N2O4 • HCl: 

Theory: C, 64.71; H, 5.43; N, 6.56. 

Found: C, 65. 12; H, 5.40; N, 6.63. 

Synthesis of l-benzyl-2-(3,4,5-trimethoxyphenyl)-6-[2-(4- 
moxphQlinyl)ethoxy]benzimidazole. 
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The title compound was prepared by reactmi: the compound 
of Example 69, smuca^ (0.23 0.59 mmol) with 4'(2- 
chloroethyl)morpholine hydrochloride (1.10 5.91 mmol) and potassium 
carbonate (1.63 11.80 mmol) in acetone. The reaction conditions 
employed were essentially as described for previous alkylations. MS 503. 
Analysis for C2gH33N305: 

Theory: C, 69. 17; H, 6.60; N, 8.34. 
Found: C, 69.10; H, 6.70; N, 8.42. 

Eynmplp 71 

Synthesis of l-benzyl-2-(3,4,6>trimetho3^henyl)-6-[2*(l- 
piperidinyl)ethoxy]benzimidazole. 

The title compound was prepared essentially as described in 
Example 70 except that l-(2-chloroethyl)piperidine hydrochloride was 
employed in place of 4-(2-diloroethyl)morpholine hydrochloride. MS 501. 
Analysis for C30H35N3O4: 

Theory: C, 71.83; H. 7.03; N, 8,38. 

Found: C, 71.95; H, 7.27; N, 8.17. 

Examplft 72 

Synthesis of l-benzyl*2-(3,4,5-tmnethoxyphenyl)-6-[2-(l- 
P3nrroldinyl)ethoxy]benzimidazQle. 

The title compoimd was prepared essentially as described in 
Elxample 70 except that l-(2-chloroethyl)p3nrrolidine hydrochloride was 
employed in place of 4-(2-chloroethyl)morpho]ine hydrochloride. MS 488. 
Analysis for C29H33N3O4: 

Theory: C, 71.44; H. 6.82; N, 8.62. 
Found: C. 71.61; H. 7.05; N, 8.87. 

Kyamplft 73 

Synthesis of l-benzyl-2-(3»4,5-trimethoxyphenyl)-6-[2-(l. 
hexamethyleneiminyl)ethoxy]benzimidazole. 
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The title compound was pr^ared essentially as described in 
Example 70 except that l-(2-chloroethyI)hexamethyIeneimine 
hydrochloride was employed in place of 4-(2-chloroethyl)moipholine 
hydrochloride. NMR, IR, MS 515, mp 122.5*»C. 
Analysis for C31H37N3O4: 

Theory: C, 72.21; H, 7.23; N, 8.15. 

Found: C, 72.18; H, 7.19; N, 8.42. 

Simthesis of l-benzyl-2-(3,4,5-trimethoxyphenyl)-6-[3-(l- 
piperidinyl)propoxy]benzimidazole. 

The title compound was prepared essentially as described in 
Example 70 except that l-(3-chloropropyl)piperidine hydrochloride was 
employed in place of 4-(2-chloroethyl)morpholine hydrochloride, mp 92''C, 
NMR, m, MS 615. 
Analysis for C31H37N3O4: 

Theory: C, 72.21; H, 7.23; N. 8.15. 

Found: C, 72.50; H, 7.26; N, 7.90. 

Exflmplft 7f^ 

Synthesis of l-benzyl-2-(3»4,5-trimetfaoxyphenyl)-6-(3- 
chloropropoxy)benzimidazole. 

The title compound was prepared essentiaUy as described in 
Example 70 except that l-chloro-3-iodopropane was employed in place of 
4-(2-chloroethyl)morpholine hydrochloride, mp 118.5**C, MS 466, 468, 
NMR,IR. 

Analysis for C26H27CIN2O4 • 0.5 H2O: 

Theory: C, 65.61; H, 5.93; N. 5.89. 
Found: C, 65.92; H, 5.74; N, 5.91. 



wo 97/33873 



-63- 



PCTAJS97/03895 



Synthesis of l-benzyl-2-(3,4,5-trimethoxyphenyl)-6-(2* 
chloroethoxy)benziinidazole. 

The title compound was prepared essentially as described in 
Example 70 except that l-bromo-2-chloroethane was employed in place of 
4-(2-chloroethyl)moipholine hydrochloride. IR, NMR, MS 452, 454, mp 
129'^C. 

Analysis for C25H25CIN2O4: 

Theory: C, 66.30; H, 5.56; N, 6.19. 
Found: C, 67.33; H, 5.41; N, 6.61. 

Examnlft 77 

S3nithesis of l-benzyl-2-(3»4»6-trimethoxyphenyl)-6-[2-[4*Cpiperidin-l- 
yl)pip er din- 1 -yl] ethoxy]benzimidazole. 

The title compound was prepared by reacting the compound 
of Example 76, fiimra, (0.45 1.0 mmol) with 4-0piperdin-l-yl)piperidine 
(2.0 11.9 mmol) in the presence of the base N,N-diisopropylethylamine, 
tetra-n-butylammonium iodide and acetonitrile at SO^'C. After incubating 
overnight at 80**C the reaction was washed with water (2 x 500 ml), 
followed by a wash with a saturated sodium chloride solution (1 x 500 ml). 
The organic phase was then dried over potassium carbonate and the 
solvents were removed in vacuo to yield a light brown oil. The desired 
product was purified by chromatography and triturated with diethyl ether 
to yield a light brown powder, which was removed by filtration and 
washed with diethyl ether to yield the purified title compound. MS 584, 
585, NMR, IR, mp 143*C. 
Analysis for C35H44N4O4: 

Theory: C. 71.89; H, 7.58; N, 9.58. 

Foun± C, 72.11; H, 7.62; N, 9.67. 



Eaamplft 7ft 

Synthesis of l-benzyl-2-(3,4,5-trimethoxyphenyl)-6-[l-methyl-2-(N,N- 
dimethylamino)]ethoxy]benzimidazole. 
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The title compound was prepared by reacting the compound 
of Example 70, suiuca, 0.46 1.15 mmol) with l-methyl-2- 
dimethylaminoethyl chloride (1.82 g, 11.51 mmol) and potassium chloride 
(3.18 g, 23.01 mmol) in 100 ml of acetone. The reactants were admixed 
and then heated to reflux overnight. 

After the overnight incubation the reaction mixure was 
acidified by adding 500 ml of IN hydrochloric acid and then washed with 
ethyl acetate (2 x 260 ml). Tlie aqueous layer was then basified and 
extracted with ethyl acetate (500 ml). The oiganic firactions were 
combined and washed with a saturated sodium chloride solution and dried 
over potassium carbonate. The solvents were removed in vacuo to 3deld a 
yellow oil which was triturated with hexanes, forming a white solid. This 
was further purified by crystallizing from 10:1 hexanes:ethanol to yield 
the desired title product. IR, NMR, MS 475, 476, mp 93*C. 
Analysis for C28H33N3O4: 

Theory: C, 70.71; H, 6.99; N, 8.84. 

Found: C, 70.93; H, 7.01; N, 8.92, 

Ssmthesis of l-benzyl-2-(3,4,5-trimethoxyphenyl)-6*[2-(N,N- 
dimethylamino)ethoxy]benzimidazole. 

The title compound was prepared essentially as described in 
Example 78, smzra, except that 2-dimethylaminoethyl chloride was 
employed in place of the l-methyl-2-dimethylaminoethyl chloride. IR, 
NMR, MS 461, mp 108'*C. 
Analysis for C27H31N3O4 • 0.1 hexanes: 

Theory: C. 70.51; H, 6.95; N, 8.94. 

Found: C, 70.98; H, 6.60; N, 8.62. 

Example 80 

Synthesis of l-ben2yl-2-(3,4,5-trimethoxyphenyl)-6-[3-(N,N. 
dimethylamino)propoxy]benzimidazole. 
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The title compound was prepared essentially as described in 
Example 78» supra, except that 3-dimethylaminopropyl chloride was 
employed in place of the l-methyl-2-dimeihylaminoethyl chloride. IR, 
NMR, MS 475. mp 112*'C. 
5 Analysis for C28H33N3O4: 

Theory: C, 70.71; H, 6.99; N, 8.83. 
Found: C, 70.42; H, 6.97; N, 8.68. 

10 Sjnithesis of l-benzyl-2-(3,4,5-trimethoxyphenyl>-6-[2-(N»N- 
diisopropylamino)ethoxy]benzimidazole. 

The title compound was prepared essentially as described in 
Example 78, suiu;:a> except that 2-diisopropylaminoethyl chloride was 
15 employed in place of the l-methyl-2-dimethylaminoethyl chloride. IR, 
NMR, MS 517, 518, mp lOl^C. 
Analysis for C31H39N3O4: 

Theory^ C. 71.93; H, 7.59; N, 8.12. 
Found: C, 71.91; H, 7.76; N, 7.98. 

20 

Example 83 

Ssmtheais of l-benzyl-2-(3,4,5-trimethoxyphenyl)-6-[2-(4-methyl-l- 
piperazinyl)ethoxy]benzimidazole. 

2 5 The title compound was prepared essentially as described in 

Example 77, jsupxa, employing the compound of Example 76, except that 
1-methylpiperazine was employed in place of the 4-^iperdin-l- 
yl)piperidine. IR, NMR, MS 6 17, mp 1 IS'^C. 
Analysis for C30H36N4O4 * 0.5 H2O: 

30 Theory: C, 68.55; H, 7.09; N, 10.66. 

Pound: C, 68.83; H, 7.19; N, 10.98. 

Example 84 



3 5 Ssmthesis of l-benzyl-2-(3-methylphenyl)-6-hydroxybenzimidazole 
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The title compound was prepared essentially as described in 
Example 69, fiupza* except that 3-metfaylbenzoyl chloride (18.8 g, 121.6 
mmol) was employed instead of the 3»4,6-tnmethoxybenzoyl chloride. MS 
314 

Analysis for C21H18N2O: 

Theory: C, 80.23; H. 5.77; N, 8.91. 
Found: C, 80.10; H, 6.85; N, 8.81. 

Synthesis of l-benzyl-2-(3-methylphenyl)-6-[2-(l- 
piperidinyl)ethoi^]benzimidazoIe 

The title compound was synthesized by reacting the 
compound of Example 84, aupxa, (0.25 g, 0.79 mmol) with 2-^iperdinyM* 
yl)ethyl chloride (17.46 g, 7.9 mmol) in the presence of potassium 
carbonate (2.20 g, 15.9 mmcd) and acetone (150 ml). These contents were 
added to a flask and refiuxed overnight. 

After the ovemi|^t incubation, the reaction mixture was 
quenched by adding 0,5 N hydrochloric acid (300 ml) and was washed 
with ethyl acetate (300 ml). The aqueous layer was basified with IN 
sodium hydroxide until the pH=10. This aqueous layer was extracted 
with ethyl acetate (300 ml). The organic fractions were combined and the 
solvent volume was reduced in vacuo, leaving a yellow oil. Diethyl ether 
and hexanes were added to this oil and it was then placed at -20*^0 until 
crystals of the title product formed, which were then harvested by 
filtration. MS 425» 426. 
Analysis for C28H32N3O: 

Theory: C, 79.03; H. 7.34; N, 9.87. 

Found: C, 78.75; H, 7.47; N, 10.09. 



Examplft fifi 
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Sjnithesis of l-beiizyl-2-(3-methyIphenyl)-6*[2-(l- 
pyrrolidinyl)ethoxy]benzimidazole. 

The title product was prepared essentially as described in 
Example 85, auQia, except that l-(2-chloroethyl)pyrrolidine hydrochloride 
was employed instead of the 2-(piperdinyl-l-yl)ethyl chloride. MS 411. 
Analysis for C27H29N3O: 

Theory: C. 78.80; H, 7.10; N, 10.21. 

Found: C, 78.85; H, 7.14; N, 10.08. 

Example 87 

Synthesis of l-benzyl-2-(3-methylphenyl)-6-[2-(4- 
morpholinyl)ethoxy]benzimidazole 

The title product was prepared essentially as described in 
Example 85, siima^ except that 4-(2-chloroethyl)morpholine hydrochloride 
was employed instead of the 2-0[>iperdinyM-yl)ethyl chloride. MS 427. 
Analysis for C27H29N3O2: 

Theory: C. 75.85; H, 6.84; N, 9.83. 

Found: C, 75.75; H, 6.89; N, 9.88. 

Examnlft RR 

Synthesis of l-benzyl.2-(3-methylphenyl)-6-[2.(N,N- 
dimethylamino)ethoxy]benzimidazole 

The title product was prepared essentially as described in 
Example 85, supra, except that 2-(N,N-dimethylaniino)ethyl chloride was 
employed instead of the 2-(piperdinyl-l-yl)ethyl chloride. MS 385. 
Analysis for C25H27N3O: 

Theory: C, 77.89; H, 7.06; N, 10.90. 
Found: C, 77.88; H. 7.14; N, 10.74. 



Example 89 
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Synthesis of l-bexizyl*2-(3-methylpheiiyI)-6-[2.(N,N- 
dibezizylaxmno)ethoxy]benziiiiidazole 

The title product was prepared essentially as described in 
Example 85, ssxqxsl. except that 2-Ct^,N*dibenzylamino)ethyl chloride was 
employed instead of the 2-(piperdinyM-yl)ethyl chloride. MS 537, 
Analysis for C37H35N3O: 

Theory: C, 82.65; H, 6.56; N, 7.82. 

Found: C. 82.47; H, 6.73; N, 7.81. 

Exanmlp QO 

Synthesis of l-benzyl-2-(3-methylphenyl)-6-[2-(N-phenyl-N- 
ethylamino)ethoxy]benzimidazole 

The title product was prepared essentially as described in 
Example 85, aupxsu except that 2.(N-ben2grl.N-ethylamino)ethyl chloride 
was employed instead of the 2-0>iperdLnyM-yl)ethyl chloride. MS 461, 
462. 

Analysis for C31H31N3O: 

Theory: C, 80.66; H, 6.77; 9.10. 
Found: C, 80.37; H, 6.8 1; N, 8.98. 

Rv«inplA<l1 

Synthesis of l-benzyl-2-(3*methylphenyl)-6-[2*(N,N- 
isopropylamino)ethoxy]benzimidazole 

The title product was prepared essentially as described in 
Example 85, aupxa, except that 2-(N,N-diisopropylamino)ethyl chloride 
was employed instead of the 2-(piperdinyl-l-yl)ethyl chloride. MS 441. 
Analysis for C29H35N3O: 

Theory: C, 78.87; H, 7.99; N, 5.51. 
Found: C, 79.07; H, 8.12; N, 5.60. 
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Example 92 

Ssmthesis of l-beiizyl-2-(3-met}iylphenyl)-6-[2-(hexamediyleneiinin-l- 
yl)ethoxy]bexiziinidazole 

The title product was prepared essentially as described in 
Example 85, auoxa, except that 2-Chexamethyleneijmn-l-yl)ethyl chloride 
was employed instead of the 2-0piperdinyl-l-yl)etfayl chloride. MS 439. 
Analysis for C29H33NdO: 

Theory: C, 79.23; H, 7.57; N, 9.56. 
Foimd: C. 79.45; H, 7.72; N, 9.66. 

Synthesis of l-benzyl-2-(3-methylphenyl)-6-[2-(N,N-diethylamino)ethoxy]- 
benidmidazole 

The title product was prepared essentially as described in 
Example 85, supra, except that 2-(N,N-diethylamino)ethyl chloride was 
employed instead of the 2-0piperdinyl-l-yl)ethyl chloride. MS 413» 414. 
Analysis for C27H31N3O * 0.25 H2O: 

Theory: C, 77.57; H. 7.59; N, 10.05. 

Found: C, 77.60; H, 7.42; N, 9.74. 

RirfliT^p]A 94 

Synthesis of l-benagrl-2-(3-methylphenyl)-6-[3-(N,N- 
dimetfaylamino)pr0poxy]benzimidazole 

The title product was prepared essentially as described in 
Example 85, supxa, except that 3-(N,N-dimethylamino)propyl chloride was 
employed instead of the 2-0[>iperdinyM-yl)ethyl chloride. MS 399. 
Analysis for C26H29N3O: 

Theory: C, 78.16; H, 7.32; N, 10.52. 
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Found: C, 77.93; H, 7.32; N, 10.25, 

TCvftmplA Qfi 

Synthesis of l-benzyl.2-(3-methylphenyl)-6-[3-(piperdiQ-l-yl)propox7]* 
benzimidazole. 

The tide product was prepared essentially as described in 
Example 85, SWXSL. except that 3-(piperidin-l-yl)propyl chloride was 
employed instead of the 2-0[>iperdinyl-l-yl)ethyl chloride, mp 84*C, MS 
439. NMR. JR. 
Analjrsis for C29H3dN30: 

Theory: C, 79.23; H, 7.57; N. 9.55. 

Found: C, 79,39; H, 7.59; N, 9.59. 

Synthesis of l-benzyl-2-(3-methylphenyl)-6-[2-(N,N- 
dimethylamino)propo3^]-benzimidazole 

The title product was prepared essentially as described in 
Example 85, supra, except that 2-(N,N-dimethylamino)propyl chloride was 
employed instead of the 2-(piperdinyM-yl)ethyl chloride, mp 74**C, NMR, 
m, MS 399, 400. 
Analysis for C26H29N3O: 

Theory: C, 78.16; H. 7.32; N, 10.52. 

Found: C. 79.58; H, 7.44; N, 10.49. 

Kxamnlft 97 

Sjnithesis of l-ben:grl-2-<3-methylphenyl)-6-(3-chloropropo37)- 
benzimidazole 

The title product was prepared essentially as described in 
Example 85, aupza, except that 3-chloropropyl iodide was employed 
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instead of the 2-(piperdinyM-yl)ethyl chloiide. mp 97*'C, NMR, LR, MS 
390, 391. 

Analysis for C24H23CIN2O: 

Theory: C, 73.74; H, 5.93; N. 7.17. 
Found: C, 73.61; H, 5.94; N. 7.39. 

Example 98 

S}mthesis of l-benzyl-2-(3*metliylphenyl)-6-(2*Ghloroethoxy)- 
benzimidazole 

The title product was prepared essentially as described in 
Example 85» fiupxa, except that 2-chloroeth^ bromide was employed 
instead of the 2-0;)iperdinyl-l-yl)ethyl chloride, mp SS^'C. MS 376, 378, 
NMR, m. 

Analysis for C23H21CIN2O: 

Theory: C, 73.30; H, 5.62; N, 7.43. 
Found: C, 73.04; H, 5.67; N, 7.65. 

Synthesis of l-benzyl-2-(3-methylphenyl)-6-[3-(morpholin-4- 
yl)propoxy)benzimidazole. 

The title compound was prepared by first adding morpholine 
(1.02 g, 11.77 mmol) and the compound of Example 97, si^pra, (0.39 g, 1.00 
mmol) to 125 ml of acetonitrile while stirring under nitrogen purge. To 
this mixture is then added diisopropylethyl aniline (1.51 ml, 8.67 mmol) 
dropwise. This reaction mixture is then allowed to stir overnight. 

After the overnight stirring, additional diisopropyl aniline 
(1.00 ml) is added and the mixture is then heated to 60*^0 and maintained 
at this temperature for about 3 days. The reaction mixture was then 
washed with water (3 x 250 ml) and the solvents were removed in vacuo, 
resulting in a yellow oil. 
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The yellow oil was fiirther purified by diromatograpliy usiiig^ 
ethyl acetate, followed by removal of the solvents in vacuo, and trituration 
with hexanes to afford yellow crystals. NMR, MS 441, IR, mp 120»C. 
Analysis for C28H31N3O2: 

Theory: C, 76.16; H, 7.08; N, 9.52. 

Found: C, 76.39; H, 7.26; N, 9.54. 

Ricaiwplft inn 

S3mthesis of l-benzyl-2-(3-methylphenyl)-6-[3-(pyrrolidin-l- 
yl)propoxy)benzimida2ole 

The title compound was prepared essentially as described in 
Example 99, fiUfixsu except that psrrrolidine was employed in place of 
morpholine. mp 120^C, NMR, IR, MS 425. 
Analysis for C28H31N3O: 

Theory: C, 79.03; H, 7.34; N, 9.87. 
Found: C, 79.22; H, 7.39; N, 9.83. 

Examnlp im 

Ssnithesis of l-benzyl-2-(3-methylphenyl)-6-[3-Qiexamethyleneimin-l- 
yl)propoxy)benzimidazQle 

The title compound was prepared essentially as described in 
Example 99, ssmxsk, except that hexamethyleneimine was employed in 
place of morpholine. mp 69.5^C, NMR, IR, MS 453, 454. 
Analysis for C30H35N3O: 

Theory: C, 79.43; H, 7.78; N, 9.26. 
Found: C. 79.60; H, 7.88; N, 9.28. 

Exflmnli> ing 



Synthesis of l-benzyl-2-(3-methylphenyl)-6-[3-(heptamethyleneimin-l- 
yl)propoxy)benzimidazole 
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The title compound was by reacting the compound of 
Example 97, sus£a» (0.39 g, 1.00 mmol) with heptamethyleneimine (10 g, 
88.3 mmol) in the presence of N,N-diisopropylethylamine (2 ml) and 
5 acetonitrile (5 ml). This reaction mixttire was raised to 80^C and allowed 
to stir at that temperature ovemii^t. The compound was pujrified 
essentially as described in Example 99, suDxa. NMR, MS 467, mp 77''C. 
Analysis for C3iHd7N30: 

Theory: C, 79.62; H, 7.97; N, 8.98. 
10 Pound: C, 79.50; H, 7.99; N, 8.99. 

E^sample 103 

Synthesis of l-benzyl-2-(3-methyU>henyl)-6-[2-(4-methyI-piperazin-l- 
15 yl)ethoxy]benzimidazole 

The title compound was prepared by reacting the compoimd 
of Example 98, sufixa. (1.89 g, 5.01 mmol) with l-methyl*piperazine (65 
ml) in the presence of N^-diisi^nypylethyl amine (4 ml) and N,N- 

20 dimethylformamide (100 ml) imder nitrogen atmosphere. This reaction 
mixture was heated to 50^C and stirred overnight at that temperature. 
The compound was purified essentially as described in Example 99, sup ra. 
NMR, m, MS 440, 441, mp Ol'^C. 
Analysis for C28H32N4O: 

25 Theory: C, 76.33; H, 7.32; N, 12.72. 

Found: C, 76.19; H. 7.15; N, 12.96. 

3 0 Synthesis of l-(2-tnfluoromethylb«usyl)-2-(3,4,5-trimethoxyphenyl)-6- 
hydrojQrbenzimidazole 

The title compound was prepared by first reacting 3,4,5- 
tximethoxybenzoyl chloride (112.0 g, 485.6 mmd) with 4-amino-3- 
35 nitrophenol (25.0 g, 162.2 mmol) in N,N-diethylaniIine (69 ml) and 
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toluene (500 ml). This reaction mixture was heated to lOO^'C and 
m aintain ed at that temperature for about 6 hours. The intermediate ester 
of 4-(3,4»5-tnmethoxyphenyIcarbonylanuno)-3-nitrophenol was purified 
essentially as described in Example 69, supra^ 

The nitro moiety of the above-described intermediate was 
reduced to an amino group by catal3rtic hydrogenation using a palladium 
on activated carbon catalyst as described previously. This primary amino 
group was then alkylated by reacting with 2-trifluoromethylbenzyI 
bromide in the presence of N»N*diisopropylethyl amine and 
tetrahydrofuran. This mixture was allowed to reflux overnight 

The reaction mixture was then washed with water (5 x 500 
ml) followed by a wash with saturated sodium chloride (500 ml). The 
organic phase was dried over potassium carbonate, and the solvents were 
removed in vacuo, leaving a brown solid. . Following trituration in diethyl 
ether a gray solid formed. 

The benzimidazole ring was closed using phosphorous 
oxychloride in chloroform as previously described. The protecting ester on 
the 6-hydroxy of the benzimidazole ring was removed by incubating the 
protected compound in IN sodium hydroxide in tetrahydrofuran to deave 
this group, leaving the title compound. NMR, IR, MS 458, mp igi^'C. 
Analysis for C24H21F3N2O4: 

Theory: C, 62.88; H, 4.62; N, 6.11. 

Found: C, 62.89; H, 4.88; N, 5.90. 

TCvnmplA ins 

Synthesis of l*(2-trifluoromethylbenzyl)-2-(3,4,5-trimethoxyphenyl)-6-[2- 
(piperidin- l-yl)ethoxy]benzimidazole 

The title compoimd was prepared by reacting the compound 
of Example 104 with l-(2-chloroethyl)piperidine hydrochloride essentially 
as previously described, mp 167*C, NMR, IR, MS 570. 
Analysis for C31H34F3N3O4: 

Theory: C, 65.37; H, 6.02; N, 7.38. 

Found: C, 66.40; H. 6.02; N, 7.41. 
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Example 106 

Synthesis of l-(2-1xifluoromethylbenzyl)-2-(3,4,5-trimethox3nphenyl)-6-[2- 
(N,N-dimethylaiiiino)propoxy]*beiizimidazole 

The title compound was prepared by reacting^ the compound 
of Example 104 with 2-(N,N-dimethylamino)propyl chloride essentially as 
previously described, mp IGS'^C, NMR» IR, MS 543, 544. 
Analysis for C29H32F3N3O4: 

Theory: C, 64.08; H, 5.93; N. 7.73. 

Found: C, 64.00; H, 5.86; N. 7.68. 

Example 107 

Synthesis of l-(2-trifluoromethylbenzyl)-2-(3,4»5-trimethoxyphenyl)-6-[2- 
(N,N-dimethylamino)ethoxy]-benzimidazole 

The title compound was prepared by reacting the compoimd 
of Example 104 with 2-(N,N-dimethylamino)ethyl chloride essentially as 
previously described, mp 151''C» NMK, JR, MS 529. 
Analysis for C28H3oFdN304: 

Theory: C, 63.51; H, 5.71; N, 7.94. 
Found: C, 63.79; H, 5.57; N, 8.02. 

Example 108 

Synthesis of l-(2-trifluoromethylbenzyl)-2-(3,4,5-trimethoxyphenyl)-6-[3- 
(N,N-dimethylamino)propo3iy]-benzimidazole 

The title compound was prepared by reacting the compound 
of Example 104 with 3-(N,N*dimethylamino)propyl chloride essentially as 
previously described, mp 142''C, NMR, IR, MS 543. 
Analysis for C29H32F3N3O4: 

Theory: C. 64.08; H. 5.93; N, 7.73. 
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Found: C, 64.33; H, 5.78; N, 7.47. 

Examnlp lOQ 

Synthesis of lK2-trifluorome11iylbenzyl)-2-(3»4,5-truDaethox^ 
(pipeiidin- l-yl)propoxy]benzimidazole 

The title compound was prepared by reacting the compoitnd 
of Example 104 with 3-0piperidin-l-yl)propyl chloride essentially as 
previously described, mp 138*C, IR, NMR, MS. 584 
Analysis for C32H36F3N3O4: 

Theory: C, 65.85; H, 6.22; N, 7.20. 

Found: C, 65.74; H, 6.07; N, 7.35. 

Examnli* HO 

Synthesis of l-(2-trifluoromethylbenzyl)-2-(3,4,6-trimethoxyphenyl)-6-[2- 
(hexamethylraeimin- l-yl)etfaoxy]benzimidazole 

The title compound was prepared by reacting the compound 
of Example 104 with 2-(hexamethyleneimin-l-yl)ethyl chloride essentially 
as previously described, mp 156*C. IR, NMR, MS 583, 584. 
Analysis for C32H36F3N3O4: 

Theory: C, 65.86; H, 6.22; N, 7.20. 

Found: C, 65.59; H. 5.98; N, 7.33. 

Synthesis of l-(2*tiifluoromethylbenzyl)-2-(3,4,5-tnmethoxyphenyl)*6-[2- 
(P3rrrolidin- I-yl)ethoxy]benzimidazGle 

The title compound was prepared by reacting the compound 
of Example 104 with 2-(pyrrolidin-l-yl)ethyl chloride essentially as 
previously described, mp 143*C, NMR, IR, MS 655. 
Analysis for C30H32F3N3O4: 
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Theory: C, 64.85; H, 5.80; N, 7.56. 
Found: C, 64.93; H. 5.87; N. 7.64. 

TCvample 112 

Synthesis of l-(2-trifluoromethylbenzyl)-2-(3,4,5-trimethoxyphenyl)-6-[^ 
(morpholin-4-yl)ethoxy]benzimidazole 

The title compound was prepared by reactini^ the compound 
of Example 104 with 2-(morpholin*4-yl)ethyl chloride essentially as 
previously described, mp 175'*C, NMR, JR. MS 572. 
Ansly^ for C30H32F3N3O5: 

Theory: C, 63.04; 5.64; N, 7.35. 

Found: C. 62.82; H, 5.74; N, 7.38. 

Synthesis of l-(2-trifluoromethylben^l)-2-(3,4,5-trimeihoxyphenyl)-6-[2- 
<N,N-diisopropylamino)ethoxy]-benzimidazole 

The title compound was prepared by reacting the compotmd 
of Example 104 with 2-(N,N»diisopropylamino)ethyl chloride essentially as 
previously described, mp 184*C, MS 585, NMR, IR. 
Analysis for C32H38F3N3O4: 

Theory: C, 65.63; H, 6.64; N, 7.18. 

Found: C, 65.67; H, 6.42; N, 7.35, 

Example 114 

Synthesis of l-(2'bromoben^l)-2-(3,4»5-trimethox3n;>henyl)-6- 
hydro3^benzimidazole 

The title compoiuid was prepared essentially as described in 
Example 104 except that 2-bromobenzyl bromide was employed in place of 
2*trifluoromethylbenzyl bromide, mp 208*C, NMR, IR, MS 468, 470. 



wo 97/33873 



PCT/US97/a3a95 



-78- 

Analysis for C23H2iBrN204: 

Theory: C. 58.86; H, 4.51; N, 5.97. 
Found: C, 58.61; H, 4.81; N, 6.12. 

FT*^i nplft lift 

Synthesis of l-(2-bromobenzyl)-2-(3,4,5-l3rimethoxyphenyl)-6-[2-0piperidin- 
l-yl)ethoxy]ben2dmidazole 

The title compound was prepared by reacting the compound 
of Example 114 with 2-0[>iperidin-l*yl)ethyl chloride essentiaUy as 
previously described, mp 145"C, NMR, MS 579, 581, IB. 
Analysis for C3oH34BrNd04: 

Theory: C, 62.07; H, 5.90; N, 7.24. 
Found: C. 61.86; H, 5.91; N. 7.08, 

Example 116 

Synthesis of l-(2-bromobenzyl)-2-(3,4,5-trimethoxyphenyl)-6-[2-(NJ^- 
dimethylamino)propo3cy]benzimidazole 

The title compound was prepared by reacting the compound 
of Example 114 with 2-(N,N-dimethylamino)propyl chloride essentially as 
previously described, mp 152''C» NMR, IR, MS 553, 555. 
Analysis for C28H32BrN304: 

Theory: C, 60.65; H, 5.82; N. 7.58. 

Found: C, 60.85; H, 5.77; N, 7.44. 

Example 117 

Synthesis of l-(2-bromobenzyl)-2-(3,4»5-trimethoxyphenyl)-6-[2-(N,N- 
dimethylamino)ethoxy]benzimidazole 
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The title compound was prepared by reacting the compound 
of Example 114 with 2-(NJ4-dimethylamino)ethyl chloride essentially as 
previously described, mp 152«'C, NMR, IR, MS 539, 541. 
Analysis for C27H3oBrN304: 

Theory: C, 60.00; H, 5.59; N, 7.77. 

Found: C, 59.83; H, 5.63; N, 7.54. 

FiXamftlft lift 

Sjnithesis of l-(2-bromobenzyl)-2-(3,4,5-trimethoxyphenyl)-6-[3-(NJ4- 
dimethylamino)propo^]benzimidazole 

The title compound was prepared by reacting the compoimd 
of Example 114 with 3-.(N,N-dimethylamino)propyl chloride essentially as 
previously described, mp 141*'C» NMR» IR, MS 553, 555. 
Analysis for C28H32BrN304: 

Theory: C. 60.65; H, 5.82; N. 7.58. 

Found: C, 60.49; H, 6.03; N, 7.34. 

Synthesis of l-(2rbromobenzyl)-2-(3,4,5-trimethoxyphenyl)-6*[2-(N,N- 
diisopropylamino)etho3^]benzimidazole 

The title compound was prepared by reacting the compound 
of Example 114 with 2-(N,N-diisopropylamino)ethyl chloride essentially as 
previously described. MS 595, 597. 
Analysis for C3iH38BrN304: 

Theory: C, 62.41; H, 6.42; N, 7.04. 

Found: C, 62.48; H, 6.48; N, 7.03. 

Synthesis of l-<2-trifluoromethylbenzyl)-2-(3-methylphenyl)-6- 
hydroxybenzimidazole 
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The title compound was prepared essentially as described in 
Example 104, supxa* except that 3-methylbenzoyl chloride was employed 
instead of 3,4,6-trimethoxybenzoyl chloride, mp 233*C, MS 382. IE, NMR. 
Analysis for C22H17F3N2O: 

Theory: C, 69.10; H, 4.48; N, 7.33. 
Found: C, 69.40; H, 4.49; N, 7.27. 

Synthesis of l-(2-trifluoromethyIbenzyl)-2-(3-methylphenyl)-6-[2- 
^iperidinyl- l-yl)ethoxy]benzimidazole 

The title compound was prepared essentially as described in 
Example 105 except that the compound of Example 120 was reacted with 
2-0piperidin-l-yl)ethyl chloride, mp 114*'C, NMR, IR, MS 493. 
Analysis for C29H30F3N3O: 

Theory: C, 70.57; H, 6.13; 8.51. 
Found: C, 70.77; H, 6.22; N, 8.50. 

Example 122 

Synthesis of l-(2*trifluoromethylbenzyl)-2-(3-methylphenyl)-6-[2-(N,N- 
dimethylamino)etfaoxy]benzimidazole 

The title compound was prepared essentially as described in 
Example 107 except that the compound of Example 120 was reacted with 
2-Q^,N-dimethylamino)ethyl chloride, mp 93**Cp NMR, IR, MS 453. 
Analysis for C26H26F3N3O: 

Theory: C. 68.86; H. 5.78; N, 9.26. 
Found: C, 69.12; H, 5.79; N, 9.34. 



Examnlft 123 
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Synthesis of l-(2-txifluoromethylbenzyl)-2*(3-methylphenyl)-6-[2-(N,N- 
diisopropylainino)ethoxy]-benriinidazole 

The title compound was prepared essentially as described in 
Example 113 except that the compoimd of Ebcample 120 was reacted with 

2- (N,N-diisopropylamino)ethyl chloride. MS 510. 
Analysis for CdoH34F3N30: 

Theory: C, 70.71; H, 6.72; N, 8,26. 
Foun± 70.48; 6.59; 8.26. 

Synthesis of l-(2-trifluoromethylbenzyl)-2-(3-methylphenyl)-6-[3-(N,N- 
dimetfaylamino)propoxy]benzimidazQle 

The title compound was prepared essentially as described in 
Example 106 except that the compound of Example 120 was reacted with 

3- (N,N-dimethylamino)propyl chloride, mp 74''C, NMR, IR, MS 468. 
Analysis for C27H28F3N3O: 

Theory: C, 69.36; H. 6.04; N, 8.99. 
Found: C, 69.52; H, 6.10; N, 9.03. 

Synthesis of l-(2-trifluoromethy]benzyl)-2*(3-methylphenyl>-6-[l*metfayl- 
2-(N ^•dimethylamino)ethoxy]-benzimidazole 

The title compound was prepared essentially as described 
above except that the compound of Example 120 was reacted with 1- 
methyl-2-(N,N-dimethylamino)ethyl chloride, yielding the title product as 
an oil. 



Example 126 
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Syntheais of l-(2-bromobenzyl)-2-(3-methylphenyI)-6- 
hydroxybenzinudazole 

The title compound was prepared essentially as described in 
Example 114, fiUDXa, except that 3*methylbenzoyl chloride was employed 
instead of 3,4,5*trimethoxybenzoyl chloride, mp 218''C, NMR, IR, MS 392, 
394. 

Analysis for C2iHi7BrN20: 

Theory: C, 64. 13; H, 4.36; N, 7.12. 
Found: C, 64.23; H, 4.51; N, 6.93, 

Example 127 

Synthesis of l-(2-bromobena^l)-2-(3-methylphenyl)-6-[2-(pipexidinyl-l- 
yl)ethoxy]benzimidazole 

The title compound was prepared essentially as described in 
Example 115 except that the compound of Example 126 was reacted with 
2-(piperidin-l-yl)ethyl chloride, mp 107*^C, NMR, IR. MS 503, 506. 
Analysis for C28H3oBrN30: 

Theory: C, 66.67; H. 5.99; N, 8.33. 
Found: C, 66.97; H, 6.12; N, 8.19. 

Example 12S 

Synthesis of l>(2-bromobenzyl)-2-(3-methylphenyl)-6-[2-Q^,N- 
dimethylamino)ethoxy]benzimidazole 

The title compound was prepared essentially as described in 
Example 117 except that the compound of Example 126 was reacted with 
2-(N,N-dimethylamino)ethyl chloride, mp 71*C, NMR, IR. MS 464, 466. 
Analysis for C25H26BrN30: 

Theory: C, 64.66; H, 5.64; N, 9.05. 
Found: C. 64.58; H, 5.58; N, 9.04. 
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Example 13Q 

Synthesis of l-(2-bromobeiizyl)-2-(3-methylphenyl)-6-[3-(N^- 
dimethylammo)propoxy]benziinidazole 

5 

The title compoimd was prepared essentially as described in 
Example 116 except that the compound of Example 126 was reacted with 
3-(N,N-dimethylamino)propyl chloride. MS 479. 
Analysis for C26H28BrN30: 
10 Theory: C, 65.27; H, 5.90; N, 8.78. 

Found: C, 64.99; H, 5.85; N, 8.66. 

1 5 Synthesis of l-(2-bromobenzyl)-2-(3-methylphenyl)-6-[l-methyl-2-<N,N* 
dimethylamino)etho3ylben zimid a zole 

The title compound was prepared essentially as described 
above except that the compound of Example 126 was reacted with 1- 

2 0 methyl-2-(N,N-dimethylamino)ethyl chloride. 

Example 132 

S3mthesis of l-(2-trifluoromethylbenzyl)-2-(3,4-dimethylphenyl)-6- 
25 hydroxybenzimidazole 

The title compound was prepared essentially as described in 
Elxample 104 except that 3,4,dimethylbenzoyl chloride was employed 
instead of 3,4,5-trimethoxybenzoyl chloride, mp 178'*C» NMR, IR, MS 396. 

3 0 Analysis for C23H19F3N2O: 

Theory: C, 69.69; H, 4.83; N, 7.07. 
Found: C, 69.40; H, 4.87; N, 6.90. 
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The following compounds were prepared essentially as 
described siiQxa. except that the compound of Example 132 was employed 
as a starting material. 

l-(2.tiifluoromethylbenzyl)-2-(3,4-dimethylphenyl)-6-[2-(piperidin-l- 
yl)ethoxy)benzimidazole. mp ISl^'C, NMR, MS 507, IR. 
Analysis for C30H32F3N3O: 

Theory: C, 70.99; H, 6.35; N, 8.28. 

Found: C, 70.70; H, 6.23; N, 8.42. 

Example 134 

l-(2-trifluoromethylben2yl)-2-(3,4-dimethylphenyl)-6-t2-CN,N- 
dimethylamino)ethoxy]benzimidazole. mp 87*C, MS 467, NMR, IR. 
Analysis for C27H28F3N3O: 

Theory: C, 69.36; H, 6.04; N, 8.99. 
Found: C, 69.42; H, 6.01; N, 8.91. 

l-(2-trifluoromethylbenzyI)-2-(3,4-dimethylphenyl)-6-[2-(N,N- 
diisopropylamino)ethoxy]benzimidazole. mp 121''C, NMR, IR, MS 524. 
Analysis for C31H36F3N3O: 

Theory: C. 71.11; H, 6.93; N, 8.03. 
Found: C, 71.34; H, 6.96; N, 8.26. 

l-(2-trifluoromethyIbenzyl)-2-(3,4-dimethylphenyl)-6-[2-(N,N- 

dimethylamino)propoxy]benzimidazole. 

MS 481. 

Analysis for C28H30F3N3O: 

Theory: C, 69.84; H. 6.28; N, 8.73. 
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Found: C, 70.24; H, 6.33; N, 8.55. 

l-(2-trifluoromethylbenzyl)-2-(3,4-dimethylphenyl)-6-[l- methyl-2-(N,N- 

dimethylaiiiino)ethoxy]benziiiiidazole 

MS 481. 

Analysis for C28H30F3N3O: 

Theory: C, 69.84; H, 6.28; N, 8.73. 
Found: 69.61; 6.35; 8.50. 

l-(2-bromometliylbenzyl)-2-(3,4-dimethylphenyl)-6-hydroxybenzimidazole 

The title compound was prepared essentially as described in 
Example 114, supxa, except that 3,4-dimethylbenzoyl chloride was 
employed instead of 3,4,5-trimethoxybenzoyl chloride, mp 213^C» MS 406, 
408, NMR, JR. 
Analysis for C22Hi9BrN20: 

Theory: C, 64.56; H, 5.17; N, 6.84. 

Found: C, 64.76; H, 4.95; N, 6.62. 

The following compounds were prepared essentially as 
described finsxa> except that the compound of Example 138 was employed 
as a starting material. 

Example 138 

l-(2-tiifluoromethylbenzyl)-2-(3,4-dimethylphenyl)-6-[3-(N,N- 

dimethylamino)propoxy]benzimidazole 

Analysis for C27H3oBrN30: 

Theory: C, 66.85; H, 6. 14; N, 8.53. 

Found: 66. 12; 6.20; N» 8.49. 
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Examnlft ISQ 

l-(2-bromobexizyl)-2<3.4-dimethybhenyl)-6-[2-(piperidin-l- 
yI)ethoxy]beiizijnidazole. mp 137"»C, NMR, IR, MS 517. 519. 
Analysis for C29H32BrN30: 

Theoiy: C, 67.18; H, 6.72; N. 8.10. 

Found: C. 67.45; H. 6.30; N, 8.01. 

l-(2-bxomobenzyl)-2-(3.4-dimethylphenyl)-6-[2-(N,N- 

dimethylamino)ethoxy]benziini dazole. mp 102''C, IR, NMR, MS 478, 479, 
480. 

Analysis for C26H28BrN30: 

Theory: C, 65.27; H, 5.90; N. 8.78. 
Found: C. 65.43; H. 5.88; N, 8.75. 

l-(2-bromobenzyl)-2-(3,4-dimethylphenyl)-6-[2-(N,N- 

diisopropylamino)ethoxy]benzimidazole 

MS 533, 535. 

Analsrsis for CsoHseBrNsO: 

Theory: C, 67.41; H, 6.79; N, 7.86. 
Found: C, 67.36; H, 6.60; N, 7.93. 

l-(2-bromobenzyl)-2-(3.4-dimethylphenyl)-6-[2-(N.N- 
dimethylamino)propoxy)benriniidagole. MS 491, 493. 
Analysis for C27H3oBrN30: 

Theory: C. 65.85; H, 6.14; N, 8.53. 
Found: C, 66.07; H, 6.18; N, 8.54. 



Examnlft 149A 
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l-(2-bromobenzyl)-2-(3,4-dimethylphenyl)-6-[l-methyl-2*(N»N- 
dimethylamino)ethoxy]benziiiiidazole. MS 491, 493. 
Analysis for C27H3oBrN30: 

Theory: C, 65.85; H. 6.14; N, 8.53. 

Found: 65.74; H. 6,20; N, 8.32. 

Example 143 

l-(2-bromobenzyl)-2-(3,4-dimethylplienyl).6.[3-(N,N- 
dimethyla]xiino)propoxy]benzimidazole. MS 491, 493. 
Analysis for Ci 1H14N2O4S: 

Theory: C, 65.85; H, 6.14; N, 8.63. 
Found: C, 66.12; H, 6.20; N, 8.49. 

l-(2-bromomethylbenzyl)-2*(3,5-dune1&ylphenyl)-6-hydroxybenzimidaM 

The title compound was prepared essentially as described in 
Example 114, fiuiixa, except that 3,5-dimethylbenzoyl chloride was 
employed instead of 3,4,5-trimethoxybenzoyl chloride, mp 213''C, MS 406, 
408, NMR, m. 
Analysis for C22Hi9BrN20: 

Theory: C, 64.88; H, 4.70; N, 6.88. 

Found: C, 64,74; H, 4.80; N, 7.01. 

The following compounds were prepared essentially as 
described supxa* except that the compound of Example 145 was employed 
as a starting material. 

Example 146 

l-(2-bromobenzyl)-2-(3,6-dimethylphenyl)-6-[2-0?iperidin-l- 
yl)ethoxy]benzimidazole 
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m, NMR, MS 617, 519, mp 112'C. 
Analysis for C29H32BrN3 • 0.5 H2O: 

Theory: C, 66.03; H, 6.31; N, 7.97. 

Found: C, 66.17; H, 6.50; N, 7.46. 

l-(2-bromobenzyl)-2-(3,5-dimethyU)henyl)-6-[2-(N,N- 

dimethyIainmo)etho3Qr]beiiziinidazoIe 

MS 477, 479. 

Analysis for C26H28BrN30 • H2O: 

Theory: C, 62.90; H, 6.09; N, 8.46. 
Found: C, 63.09; H, 5.95; N, 8.45. 

ExamnlR 148 

l-(2-bromobenzyl)-2-(3,5-dimethylphenyl)-6-[l-methyl-2-(N,N- 
dime«hylaniino)etho3gr]benziiiiidazole. mp 78''C, NMR, m, MS 491, 493. 
Analysis for C27H3oBrN30 : 

Theory: C, 65.85; H, 6.14; N. 8.53. 
Found: C. 66.05; H, 6. 15; N, 8.80. 

l-(2-bromobenzyl)-2-(3.5-dimethylphenyI)-6-[2-(N,N- 

diiaopropylaminn)i»thmcy]h pnrimiiiflT.o |^ 

MS 534, 536. 

Analysis for CaoHseBrNsO: 

Theory: C. 67.41; H, 6.79; N, 7.86. 
Found: C, 67.34; H, 6.87; N, 7.62. 

Examnlft 150 

l-(2-bromobenzyl)-2-(3,5-diniethylphenyl)-6-[3-(N,N- 
dimethylamino)propo>qr]benzimidazole. MS 491, 493. 
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Analysis for C27H3oBrN30: 

Theory: C, 65.85; H. 6.14; N, 8.53. 
Found: C, 65.68; 6.19; 8.53. 

l-phenyl-2-[3-[2-0piperidin-l-yl)ethoxy]phenyI]-benzimidazole 

The title compound was prepared by reacting the compound 
of Example 34 with 2-(piperdin-l-yl)ethyl chloride in acetone and 
potassium carbonate as previously described, mp 68^C» IR, NMR, MS 397. 
Analysis for C26H27N3O: 

Theory: C, 78.56; H, 6.85; N, 10.57. 

Found: 78.41; 6.90; 10.45. 

Example 152 

l-phenyl-2-[4-[2-0[>iperidin-l-yl)ethoxy]phenyl]*benzimidazole 

The title compound was prepared by reacting the compound 
of Example 29 with 2-0;>iperdin-l-yl)ethyl chloride in acetone and 
potassium carbonate as previously described, mp 107*^0, NMR, MS 397. 
Analysis for C26H27N3O: 

Theory: C, 78.56; H, 6.85; N, 10.57. 

Found: C, 78.79; H, 7.12; N, 10.51. 

Example 153 

l-phenyl-2-[4-[3-(piperidin-l-yl)propoxy]phenyl]-benzimidazole 

The title compoimd was prepared by reacting the compound 
of Example 29 with 3-(piperdin-l-yl)propyl chloride in acetone and 
potassium carbonate as previously described, mp SS^'C, NMR, MS 412. 
Analysis for C27H29N3O: 

Theory: C, 78.80; H, 7.10; N, 10.21. 
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Found: C, 79.01; H, 7.18; N, 10.20. 

Synthesis of l-phenyl-2-(3,4-dimethylphenyl)-6-hydroxybenziinidazole 

The title compound was prepared by first reacting 1-chloro- 
3,4-dinitrobenzene (100 0.50 mole) with aniline (140 ml, 1.54 moles) in 
ethanol (95%, 550 ml). Tliis reaction mixture was stirred at room 
temperature for about 72 hours. The resulting l-chloro-3-phenylamino-4- 
nitrobenzene was purified by first filtering the orange crystals, followed 
by washing with hexanes. The crystals were then dried at 80*C for about 
4 hours. Additional product was recovered firom the hexanes filtrate by 
recrystallizing firom ethanoL 

The l-chloro-3-phenylamino-4-nitrobenzene was then reacted 
with two molar equivalents of sodium methoxide, the sodium methoxide 
being prepared essentially as described in Kottenhahn, et al„ Journal nf 
QrgnniC rhftmifttry. 28:3114 (1963). Metallic sodium (5.0 g, 217 mmol) 
was added slowly to methanol (400 ml). Afi;er all of the sodium had gone 
into solution, the l*chloro-3-phenyIamino-4-nitrobenzene was added and 
the red-orange solution was heated to reflux and maintained at that 
temperature overnight. The gold crystals of l-methoxy-3-phenylamino*4- 
nitrobenzene were recovered by filtration, washed with water (2 liters) 
and dried in vacuo. 

The nitro group of the above-described intermediate was then 
reduce to an amino group by catalsrtic hydrogenation using a palladium on 
activated carbon catalyst, essentially as previously described, resulting in 
3-phenylamino-4-methoxyaniline with was then reacted with 3,4- 
dimethylbenzoyl chloride as previously described. This intermediate was 
then cydized to the corresponding benzimidazole with phosphorous 
oxychloride as previously described to yield l-phenyl-2-(3,4- 
dimethylphenyl)-6-methoxybenzimidazole. 

This intermediate was then reacted with hydrobromic add 
(48%) and glacial acetic acid imder nitrogen atmosphere to cleave the 
methoxy group firom the 6-position of the benzimidazole. The resulting 
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title compound was purified by adding the reaction mixture to one liter of 
water and extracting with methylene chloride (3 x 500 ml). The organic 
fractions were combined, dried over magnesium sulfate and the solvents 
were removed in vacuo to yield reddish solid crystals. The crystals were 
washed with water (3 x 250 ml) to remove excess hydrobromic add and 
then dried, followed by washing with diethyl ether (2 x 250 ml) and drying 
in vacuo , mp 251**C, IR, NMR, MS 314. 
Analysis for C21H18N2O: 

Theory: C, 80.23; H. 5.77; N, 8,91. 

Found: C, 79.98; H, 5.77; N, 8.94. 

Rvamplp Iftfi 

l-phenyl-2-(3,4-dimethylphenyl)-6-[2-0;)iperidin*l-yl)ethoxy]ben2dn]idazole 

The title compound was prepared by reacting the compoxmd 
of Example 154, aupxa* with 2-(pipendin-l-yl)ethyl chloride as previously 
described. NMR, IR, MS 425, mp lll^'C. 
Analysis for C28H3iNdO • 0.5 H2O: 

Theory: C, 77.39; H, 7.42; N, 9.67. 

Found: C, 77.38; H, 7.24; N, 10.36. 

The following compounds were prepared essentially as 
described above: 

Example 166 
l-Benzyl*2-phenylbenzimidazole 

FiMTTlPlf} lfi7 

l-(l-Diethylaminopent-4-yl)-2-(3-nitrophenyl)benzimidazole 



1gic<implft ifift 
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l-(l-Diethylaminopent-4-yl)-2*(4-metiioxyphenyl)-benzi]mdazol^ 

l-Q'DimefliylaininQethyl)>2>phftnylhftiiyiwi^fty,o ]p 

Example 160 
l-(l-DimethylammQpiY»pyl)»2«hengylh Angrim4H^y.4 ^^p 

Example 161 

l'(4>cMorophenvlmethvlV2-f4-chlorophenylmethy1)-h ftn^ mp 
89-90«C. 

Examplp 162 

l-phenyl-2-(4-chloix>phenyl)-6-metlLoxybeiizimidazole. mp 171-172.5*C- 

RyamplA Ifi ^ 

I-phenyl-2-(4-cUorophenyl)-5-(l-ethylaxninoethyl)-beiizimidazole, (Z)-2- 
butenedioic add salt, mp 228"C. 

Example 164 

l-pbenyl-2-(4HJUorophenyl)-6HMorobenzumdazole. mp 210-212'C. 

Example lefi 

l-pheny^2-(4-cUorophenyl)-6-(imidazo^l-yl)benz^^ mp 223**C. 

ExainplA 166 

l-phenyl-2-(4-cUorophenyl)-5-mtrobenzimidazole. mp 194^C. 
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Example 167 

l-phenyl-2-(4-chlorophenyl)-6-hydroxyethylammo-benziiiiidazole. mp 
5 226''C. 

l-phenyl-2-(4-cUorophenyl}-5-(l-aiiimoethyl)benzimidazole^ CZ)-2« 
10 butenedioic add salt, mp 206^C. 

T^vamnli^ IfiQ 

l-phenyl-2-(4-cliloropIienyl)-6-(N-isopropylcarbonyl-N- 
15 butylaxnino)benzimidazole. bp 213-220''C. 

l-pbenyl-2-(4-chlorophrayI)-5-acetylbenzi2nidazole. mp 159^0. 

20 

Example 171 

l-ph6nyl-2-(4-cUoxophenyl)'5-(2-hydroxyethyl)beimmidazole. mp 165^0. 

25 Example 172 

l-phenyl-2-(4-chlorophenyl)«6-[2«(piperi<iin> 1 .yl)At>invy]hmTiiniHi^y./ilo 
mp 138-140. 

30 TCitamplA 17a 

l-phenyl-2-(4-cUorophenyl)-6-[3-(N,N-dimethylamino)- 
propoxyjbenzimidazole. mp 126^C. 



35 



Example 174 
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l-phenyl-2-(4-hydroxyphenyl)-6-hydjx>xybenziinidazole, hydrochloride, 
mp 212*C. 

The other compounds of Formula I may be prepared 
essentially as described above, employing corresponding starting 
materials. 

The biological efficacgr of a compound believed to be effective 
as a tachykinin receptor antagonist may be confirmed by employing an 
initial screening assay which rapidly and accurately measured the 
binding of the tested compoimd to known NK-1 and NK-2 receptor sites. 
Assays useful for evaluating tachykinin receptor antagonists are well 
known in the art. See, e.g„ J- Jukic, sLaL Life Saftnrfta 49:1463-1469 
(1991); N. Kucharczyk, sUiL Journal of Mediciiial nh^^miQtry 
36:1654-1661 (1993); N. Rouissi, et al,> BiochPtniral And Rin^>i^«^ns,| 

Resftflmh rnmnniiTiT^fltiftyift, 176:894-901 (1991). 

Radioreceptor binding assays were performed using a 
derivative of a previously published protocol. D.G. Payan, et al.. Journal of 
TwiTniinyiiftgY, 133:3260-3265 (1984). In this assay an aliquot of IM9 cells 
(1 X 10^ cells/tube in RPMI 1604 medium supplemented with 10% fetal 
calf serum) was incubated with 20 pM ^^^I-labeled substance P in the 
presence of increasing competitor concentrations for 45 minutes at 4''C. 

The IM9 cell line is a well-characterized cell line which is 
readily available to the public. See, e g AnnalQ nfth^f. Npw YnrV 
Acade m y of Sriftnrft , 190: 221-234 (1972); Natur«> nr^TiHnn^ 251:443-444 
(1974); Proceedings of the National Academy nf SriftnrAQ HTf^fi^) 71:84-88 
(1974). These cells were routinely cultured in RPMI 1640 supplemented 
with 50 ^g/ml gentamicin sulfate and 10% fetal calf serum. 

The reaction was terminated by filtration through a ^ass 
fiber filter harvesting system using filters previously soaked for 20 
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minutes in 0.1% polyethyleniznine. Spedfic binding of labeled substance 
P was determined in the presence of 20 nM unlabeled ligand. 

Many of the compounds employed in the methods of the 
5 present invention are also effective antagonists of the ^}K-2 receptor. 

NK-2 Receptor Binding Amiiy 

The CHO-hNK-2R cells, a CHO-derived cell line transformed 
10 with the human NK-2 receptor, expressing about 400,000 such receptors 
per cell, were grown in 75 cm^ flasks or roller bottles in minimal essential 
medium (alpha modification) with 10% fetal bovine serum. The gene 
se(|uenoe of the human NK-2 receptor is given in N.P. €rerard, et al.. 
Journal of Binlnyiral n^AmiQtry 265:20455-20462 (1990). 
1 5 For preparation of membranes, 30 confluent roller bottle 

cultures were dissociated by washing each roller bottle with 10 ml of 
Dulbecco*s phosphate buffered saline (PBS) without calcium and 
magnesiiun, followed by addition of 10 ml of enz3rme-&ee cell dissociation 
solution (PBS-based, firom Specialty Media, Inc.). After an additional 15 

2 0 minutes, the dissociated cells were pooled and centrifuged at 1,000 RPM 

for 10 minutes in a clinical centrifuge. Membranes were prepared by 
homogenization of the cell pellets in 300 ml 50 mM Tris buffer, pH 7.4 
with a Tekmar® homogenizer for 10-15 seconds, followed by 
centrifugation at 12,000 RPM (20,000 x g) for 30 minutes using a 
25 Beckman JA-14® rotor. The pellets were washed once using the above 
procedure, and the final pellets were resuspended in 100-120 ml 50 mM 
Tris buffer, pH 7.4, and 4 ml aliquots stored frozen at -70''C. The protein 
concentration of diis preparation was 2 mg/ml. 

For the receptor binding assay » one 4-ml aliquot of the 

3 0 CHO-hNK-2R membrane preparation was suspended in 40 ml of assay 

buffer containing 50 mM Tris, pH 7.4, 3 mM manganese chloride, 0.02% 
bovine serum albumin (BSA) and 4 ixg/wl chjrmostatin. A 200 ^1 voliune of 
the homogenate (40 ^g protein) was used per sample. The radioactive 
ligand was [^^^IJiodohistidyl-neurokinin A (New England Nudear, 
3 5 NEX-252), 2200 Ci/mmol. The Ugand was prepared in assay buffer at 20 
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nCi per 100 ^1; the final concentration in the assay was 20 pM. 
Non-specific bindin^^ was determined using 1 eledoisin. Ten 
concentrations of eiedoisin from 0.1 to 1000 nM were used for a standard 
concentration-response curve. 

All samples and standards were added to the incubation in 
10 jil dimethylsulfoxide (DMSO) for screening (single dose) or in 5 ^ 
DMSO for IC50 determinations. The order of additions for incubation was 
190 or 195 Ml assay buffer, 200 pi homogenate, 10 or 5 m1 sample in 
DMSO, 100 Ml radioactive Hgand. The samples were incubated 1 hr at 
room temperature and then filtered on a cell harvester through filters 
which had been presoaked for two hours in 50 mM Tris buffer, pH 7.7, 
containing 0.5% BSA. The filter was washed 3 times with approximately 
3 ml of cold 50 mM Tris buffer, pH 7.7. The filter circles were then 
punched into 12 x 75 mm polystyrene tubes and counted in a gamma 
counter. 

It has been determined that the method of the present 
invention is effective in treating mammals, particularly middle-aged 
women, exhibiting symptoms of interstitial cystitis and/or urethral 
syndrome. In this regard, the clinical and local immune response to the 
compounds of the present invention is investigated in an open trail with 
10 female interstitial cystitis patients, whose disease is diagnosed 
according to the consensus criteria developed in 1987 at a National 
Institutes of Health workshcq^. To make objective the ssnmptoms and the 
clinical response of the patients the present inventors scored (scale 0 to 2) 
the symptoms of fi*equency, urgency, nocturia, dysuria and suprapubic 
pain, as described in United States Patent 5,145,859, issued September 8, 
1992, the entire contents of which are herein incorporated by reference. A 
compound of the present invention is administered as a single daily dose 
determined by a dose-titration test. Urinary interleukin-2 inhibitory 
activity (IL-2-IN), a marker of cell-mediated inflammation, is measured 
using a murine interleukin-2 dependent cell line. 

The patients are reviewed for reduction in rlini^ft l s}rmptoms. 
Drug side-effects are minimal. Urinary IL-2-IN activity before therapy 
confirms the presence of cell-mediated inflammation: after 4 months of 
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therapy IL-2-IN activity is normal in most of the patients, regardless of 
the severity of ssrmptoms, which indicates that the compounds of Formtda 
I exerts an immunosuppressive efifect. The data sug^sts that the 
compounds of Formula I can be an efficacious, weQ-tolerated, convenient 
5 oral medication for the treatment of interstitial cystitis. 

In addition, as more clearly demonstrated below in Example 
2, the present inventors also observes similar responses in regard to the 
treatment of urethral syndrome. As a result, the test data clearly 
indicates that the compounds employed in the present invention can be 

1 0 effective therapeutic agents for the treatment of interstitial cystitis and/or 
urethral syndrome. 

As a result, it has been found that compoimds of Formula I 
are particularly well-suited for the treatment of interstitial cystitis and/or 
urethral syndrome because they not only provide effective relief, are 

15 available for oral administration, and are relatively inexpensive. It has 
been discovered that patients receiving the compounds of Formula I 
substantially reduce the pathological conditions exhibited by these two 
painful bladder disorders, and are able to carry on their daily activities in 
a relatively normal existence in comparison with their pre-treatment 

20 state. 

The present invention will be further described according to 
the following non-limiting examples. 



25 



Exaiuplfr 1 

Materials and Methods 



Patients. The diagnosis of interstitial cystitis is assigned to 10 female 
patients, aged 23 to 51 years, in accordance with the consensus criteria 

3 0 established at the National Institutes of Health workshop on interstitial 
cystitis, August, 1987 (Gillenwater, J. Y. and Wein, A. J.: Summary of the 
National Institute of Arthritis, Diabetes, Digestive and Kidney Diseases 
Workshop on Interstitial Cystitis, National Institutes of Health, Bethesda, 
Md., Aug. 28-29, 1987, J. Urol., 140:203, 1988), and United States Patent 

35 5,145,859: 
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Interstitial Cystitis: Criteria for Diapnom^ 



Indiiaion Criteria 

Himner's Ulcer (if present, 
automatic inclusion) 

Positive Factors (at least 2 
xequired for inclusion): 

suprapubic, pelvic, urethral, 
vaginal or perineal pain 

glomerulations at cystoscopy 

after bladder distension 

(80 cm water pressure x 1 min.) 

decreased compliance on 
cystometrogram 



pain on bladder filling 
relieved by emptying 



Exclusion Criteria 

less than 18 years old 
benign or malignant tumors 
radiation, tuberculous, 
bacterial 

or cyclophosphamide cystitis 
vaginitis 

duration of symptoms < 1 year 
gynecologic cancer 
urethral diverticulum, bladder 
or lower ureteral calculi 
active herpes (HSV U) 
waking frequency < 5 in 12 hrs. 
nocturia < 2 

neurogenic bladder dysfunction 
waking capacity > 400 ml, 
absence 

of urgency with bladder 
filling 

symptoms relieved by 
antibiotics, urinary 
urinary analgesics or 
antiseptics 



Cystometries are performed after cessation of other modes of 
therapy an^rior to institution of therapy: all patients had a waking 
bladder capacity of less than 350 ml (range 150 ml to 340 ml). 

Symptom Evaluation: The symptom scores (total score range: 
0 to 10) form the basis for the evaluation of treatment efficacy. The 
severity of each symptom is assigned a numerical value, as follows: 
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Sjncnptom Severity Survey 



Symptom DescriptAon Score 

Frequency voids once every 3 to 5 hours 0 

(daytime) voids once every 1 to 2 hours 1 

voids more than once every hour 2 

Urgency urge to void equal to actual • 0 

frequency 

urge to void exceeds actual 1 
firequency 

constant urge to void 2 

Nocturia no nocturia, or 1 void nightly 0 

nocturia 2 to 4 times nightly 1 

more than 4 times ni^tly 2 

Dysuria no dysuria 0 

intermittent dysuria 1 

dysuria with each void 2 

Suprapubic pain no pain 0 

(abdomino- intermittent pain 1 

perineal) constant pain 2 



5 At the time of diagnosis, and before any treatment, any 

patient who falls within the parameters of the inclusion of exclusion 
descriptors of the NIH workshop consensus criteria (above) will score at 
least a M** on this survey (firequency < 1; urgency < 1; nocturia < 1; and 
either dysuria or suprapubic pain< 1). 

10 

TTrinft no Uection : Urine specimens are collected fix>m all 
patients before and during therapy. Voided urine is centrifuged at 1000 x 
g for 10 minutes at 4^*0 and the supernatant separated from the sediment. 
The urine supernatant is subjected to 0. 2 ^ filtration (celluloseacetate) at 
15 4*'C to remove any bacteria and debris, and a 1 ml aliquot is removed for 
creatinine measurement (CBEATININE n ANALYZER™, Beckman 
Instruments, Inc., Brea, California). The supernatant is ultrafiltered 
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against 3 x volume in phosphate-buffered saline (PBS) with 0.1 ixg/nd 
albumin (Sigma, St. Louis, Missouri) using a filtration device (5,000 MW 
cut off; Amicon, Deavers, Massachusetts). The concentrated supernatant 
is dialyzed using 3,500 MW cutoff tubing, shell frozen with dry ice, and 
vacuum lyophilized. The powder is stored at -20''C. 

Measurement of IL-2-IN Activity: The bioassay for rL-2-IN is 
modified firom the method for measuring IL-2 activity described by Gillis 
and associates. S. Gillis, etal.. 'T-Cell Growth Factor: Parameters Of 
Production And A Quantitative Microassay For Activity, Journal of 
TmTnunolnfry 120:2027, (1978). The murine IL-2-dependent cytotoxic T- 
cell line (CTLL-N) is derived firomthe CT-6 cell line. J. Kusugami, et al . 
Intestinal Immune Reactivity To Interleukin-2 Differs Among Crohn's 
Disease, Ulcerative Colitis And Controls'', Gastroenterology, 97:1 (1989). 
The CTLL-Ns are maintained in liquid culture using a 1: 1 mixture of 
Roswell Park Memorial Institute (RPMI) 1640 and Dulbecco's Modified 
Eagles Medium (DMEM; 4.5 g/L i^ucose) media supplemented with 2.9 
mgAool glucose, 9.4 mM HEPES buffer, 1.9 mg/ml glutamine, 289 ^g/ml 
arginine, 0.12 M non-essential amino adds, 5 x 10'^ M 2-mercaptoethanol, 
4.5% fetal bovine serum, 90 units/ml penicillin, 90 ^g/ml streptomycin, 22 
lighaol fungizone, 0.45 mg/ml gentamidn and 20 units/ml of human 
recombinant IL-2. 

The CTLL-Ns are washed and suspended at a concentration 
of 10*^/ml in the culture media. Assays are performed in triplicate, as 
follows: a serial dilution of the sample alicjuot (50 m1), a 1:10 dilution of 
the human recombinant IL-2 standard and 10*^ CJTLL-Ns (100 jil) are 
placed in microliter weUs. The microliter plates are incubated in a 
humidified 6% CO2 atmosphere at ST^'C. for 24 hrs, and the cells are 
p\ilsed at the 19th hour with 1 ^Ci/well of methyl-tritiated thjomdine 
(specific activity 6.7 CiAnM, New England Nuclear,I. E. Dupont, Boston, 
Massachusetts). 

The cells are collected onto glass filter paper discs. The discs 
are placed in scintillation fluid and thymidine uptake is measured by 
Uquid scintillation spectrophotometry. IL-2 inhibitory activity is 
calculated by modified probit analsrais. 
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The proliferation "maximum" is the tritiated thjrmidine 
uptake caused by the amount of exogenous ILr2 activity in the control 
microliter wells, assessed in quadruplicate for each assay. The 
proliferation "minimum" is derived firom lowest amount of tritiated 
5 thsrmidine uptake caused by the ILr2 inhibitor standard. The probit 

calculation corrected for minor interassay variations of th}rmidine uptake 
in control wells* and permitted interassay comparisons of inhibitor 
activity among the urine samples. By this treatment of the data, the 
calculated value of IIr2 inhibitory activity in lyophilized mine samples 
10 varies less than 10% firom assay to assay. IL-2-IN activity is expressed in 
units/mg urine creatinine (U/mg u.c). ILr-2'lN activity is less than 0.05 
U/mg u.c. inthe urine of healthy adults. J. Fleischmann, et al.. .Journal of 
Biological Regulators and Homeostatic Agents. 4:73» (1990). 

15 MedicatiQ Ti AaoignmAntfl- All patients are treated initially 

with a total daily dose of 30 mg» which is administered as a single, 
extended release tablet. 

Patient Monitoring! Patients are interviewed and blood 

2 0 pressure measiured twice monthly during the first 2 months of therapy, 

during the first 2 months after a dose escalation, and then once monthly 
thereafter. The symptom severity score at each interview is based on the 
patient's experiences during the previous 24 hours. 

25 TCyampIo 9 

In addition to the treatment of patients with interstitial 
cystitis, patients with the urethral syndrome have been treated with a 
compound of Formula I» using the titration test and treatment protocol 

3 0 described in United States Patent 5, 145,859. Similar to the data of 

Example 1, the positive response to the compounds of the present 
invention in this limited study supports the hypothesis that the 
urethralsyndrome and interstitial cystitis are both part of the same 
disease spectrum,perhaps as variants of reflex sympathetic dystrophy. 

35 
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The invention has been described with reference to the 
preferred embodiment. Obviously, modifications and alterations will 
occur to others upon a readings and understanding of this specification. It 
is intended to include all such modifications and alterations insofar as 
they come within the scope of the appended claims or the equivalents 
thereof. 

While it is possible to administer a compound employed in 
the methods of this invention directly without any formulation, the 
compounds are usually administered in the form of pharmaceutical 
compositions comprising a pharmaceutically acceptable excipient and at 
least one active ingredient. These compositions can be administered by a 
variety of routes including oral, rectal, transdermal, subcutaneous, 
intravenous, intramuscular, and intranasal. Many of the compoimds 
employed in the methods of this invention are effective as both injectable 
and oral compositions. Such compositions are prepared in a manner well 
known in the pharmaceutical art and comprise at least one active 
compound. See, e.g,t REMINGTON'S PHARMACEUTICAL SCIENCES, (16th ed 
1980). 

In making the compositions employed in the present 
invention the active ingredient is usually mixed with an excipient, diluted 
by an excipient or enclosed within such a carrier which can be in the form 
of a capsule, sachet paper or other container. When the excipient serves 
as a diluent, it can be a solid, semi-solid, or liquid material, which acts as 
a vehicle, carrier or medium for the active ingredient. Thus, the 
compositions can be in the form of tablets, pills, powders, lozenges, 
sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, 
aerosols (as a solid or in a liquid medium), ointments containing for 
example up to 10% by wei^t of the active compound, soft and hard 
gelatin capsules, suppositories, sterile injectable solutions, and sterile 
packaged powders. 

In preparing a formulation, it may be necessary to tnill the 
active compound to provide the appropriate particle size prior to 
combining with the other ingredients, the active compound is 
substantiaUy insoluble, it ordinarily is milled to a partide size of less than 
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200 mesh. If the active compound is substantially water soluble, the 
particle size is normally adjusted by milling to provide a substantially 
imiform distribution in the formulation, e.g. about 40 mesh. 

Some examples of suitable exdpients include lactose, 
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium 
phosphate, alginates, tragacanth, gelatin, calcium silicate, 
microcrystalline cellulose, pol3rvinylp}nrrolidone, cellulose, water, symp, 
and methyl cellulose. The formulations can additionally include: 
lubricating agents such as talc, magnesitun stearate, and mineral oil; 
wetting agents; emulsifying and suspending agents; preserving agents 
such as methyl- and propylhydxoxybenzoates; sweetening agents; and 
flavoring agents. The compositions of the invention can be formulated so 
as to provide quick, sustained or delayed release of the active ingredient 
after administration to the patient by employing procedures known in the 
art. 

The compositions are preferably formulated in a imit dosage 
form, each dosage containing &om about 0.05 to about 100 mg, more 
usually about 1.0 to about 30 mg, of the active ingredient. The term "imit 
dosage form" refers to physically discrete luiits suitable as unitary dosages 
for human subjects and other mammals, each unit containing a 
predetermined quantity of active material calculated to produce the 
desired therapeutic effect, in association with a suitable pharmaceutical 
excipient. 

The active compoimds are generally effective over a wide 
dosage range. For examples, dosages per day normally fall within the 
range of about 0.01 to about 30 mg/kg of body weight. In the treatment of 
adidt humans, the range of about 0.1 to about 15 mg/kg/day, in single or 
divided dose, is especially preferred. However, it will be understood that 
the amount of the compound actually administered will be determined by 
a physician, in the light of the relevant circumstances, including the 
condition to be treated, the chosen route of administration, the actual 
compoimd or compounds administered, the age, weight, and response of 
the individual patient, and the seventy of the patient's S3anptoms, and 
therefore the above dosage ranges are not intended to limit the scope of 
the invention in any way. In some instances dosage levels below the lower 
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limit of the aforesaid range may be more than adequate, while in other 
cases still larger doses may be employed without causing any harmful side 
effect, provided that such larger doses are first divided into several 
smaller doses for administration throughout the day. 

FormulatiQn Prftparatinn 1 

Hard gelatin capsules containing the following ingredients 
are prepared: 

Quantity 

In gred i ftnt fmg/capflnlfi) 
Active Ingrodient(s) 30.o 

Starch 305.0 
Magnesium stearate 5,0 



The above ingredients are mixed and filled into hard gelatin 
capsules in 340 mg quantities. 
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FoiTOttlatiQa Preparataoii 2 
A tablet formula is prepared using the ingredients below: 

Quantity 



Ingredient (mg/tablet) 
Active Ingredient(s) 25.0 

Cellulose, microcrystalline 200.0 

Colloidal silicon dioxide 10.0 

Stearic add 5.0 



The components are blended and compressed to form tablets, 
each weighing 240 mg. 
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Formulfltinn Preparation 3 

A dry powder inhaler foxmulation is pr^ared containing^ the 
foUowing^ components: 

' 5 

Ingredient Weight % 

Active Ingredient(s) 5 

Lactose 95 

10 

The active mixture is mixed with the lactose and the mixture 
is added to a dry powder inhahng appliance. 
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Fornmlation Freparatjon 4 

Tablets, each contaiiiing 30 mg of active ingredient, are 
prepared as follows: 

Quantity 

Ingredimt (mg/tablet) 
Active Ingredient(s) 30.0 mg 

10 Starch 45.0 mg 

MicrocrystaUine cellulose 35.0 mg 

Pol3rvinylp3nrroIidone 
15 (as 10% solution in water) 4.0 mg 

Sodium carboxymethyl starch 4.5 mg 

Magnesitun stearate 0.5 mg 

20 

Talc lOmg 

Total 120 mg 

25 The active ingredient, starch and cellulose are passed 

through a No. 20 mesh U.S. sieve and mixed thoroughly. The solution of 
poljTvinylpjnrrolidone is mixed with the resultant powders, which are then 
passed throu^ a 16 mesh U.S. sieve. The granules so produced are dried 
at 50-60'*C and passed through a 16 mesh U.S. sieve. The sodium 

3 0 carboxjrmethyl starch, magnesium stearate, and talc, previously passed 
through a No. 30 mesh U.S. sieve, are then added to the granules which, 
after mixing, are compressed on a tablet machine to yield tablets each 
weighing 120 mg. 
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Formulfltinn Prftnaratinn 

Capsules, each containing 40 mg of medicament are made as 

follows: 





Quantity 


In^dient 


(mg/capgnlfi) 


Active IngTedient(s) 


40.0 mg 


Starch 


109.0 mg 


Magnesium stearate 


1.0 mg 


Total 


150.0 mg 



The active ingredient, cellulose, starch, and magnesiimi 
stearate are blended, passed through a No. 20 mesh U.S. sieve, and filled 
into hard gelatin capsules in ISO mg quantities. 



Formulation Prgnaratinii R 

Suppositories, each containing 25 mg of active ingredient are 
made as follows: 

I n gredient Ammmt 
Active Ingredient(s) 25 mg 

Saturated fatty add ^ycerides to 2,000 mg 

The active ingredient(s) is passed through a No. 60 mesh 
U.S. sieve and suspended in the saturated fatty add glycerides previously 
melted using the minimum heat necessary. The mixture is then poured 
into a suppository mold of nominal 2.0 g capadty and allowed to cool. 



10 
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Fftrmulation Preparation 7 

Suspensions, each containing 50 mg of medicament per 5.0 
ml dose are made as follows: 

Ingredient Amount 
Active Ingredient(s) 50.0 mg 

Xanthan gum 4.0 mg 

Sodium carboxymethyl cellulose (11%) 

MicTocrystalline cellulose (89%) 50.0 mg 

Sucrose 1.75 g 

Sodium benzoate 10.0 mg 

Flavor and Color q.v. 

2 0 Purified water to 5.0 ml 

The medicament, sucrose and xanthan gum are blended, 
passed through a No. 10 mesh U.S. sieve* and then mixed with a 
previously made solution of the microcrystalline cellulose and soditun 
25 carboxymethyl cellulose in water. The sodium benzoate, flavor, and color 
are diluted with some of the water and added with stirring. Sufficient 
water is then added to produce the required volimie. 



15 
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follows: 



Formulation Prenaratinn R 
Capsules, each containing 15 mg of medicament* are made ; 





Quantity 


Lafrredient 


(mg/capfln1e) 


Active Ingredient(s) 


15.0 mg 


Starch 


407.0 mg 


Magnesium stearate 


. 3.0 mg 


Total 


425.0 mg 



The active ingredient(s), cellulose, starch, and magnesium 
stearate are blended, passed through a No. 20 mesh U.S. sieve, and filled 
into hard gelatin capsules in 425 mg quantities. 



Formulation Prftnaratifiii Q 
An intravenous formidation may be prepared as follows: 



Active IngTedient(s) 250.0 mg 

Isotonic saline lOoo ml 
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Formulation Preparation 10 



A topical formulation may be prepared as follows: 



Inyredient Quantity 

Active Ingredient(s) 1-10 g 

Emulsifying Wax 30 g 

Liquid ParafiBn 20 g 

White Soft Paraffin to 100 g 



The white soft paraffin is heated until molten. The liquid paraffin and 
emulsifying wax are incorporated and stirred xmtil dissolved. The active 
ingredient is added and stirring is continued until dispersed. The mixture 
is then cooled imtil sohd. 
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Formulation Prepayatjon 1 1 

Sublingual or buccal tablets, each containing 10 mg of active 
ingredient, may be prepared as follows: 

Quantity 

In gred i ent PerT«hiAt 
Active Ingredient(s) lO.o mg 

Glycerol 210.5 mg 

Water 143.0 mg 

Sodium Citrate 4 5 

Polyvinyl Alcohol 26.5 mg 

Polyvinylpyrrolidone 15.5 my 

Total 410.0 mg 

The ^ycerol, water, sodium citrate, polyvinyl alcohol, and 
pol3rvinylp3arrolidone are admixed together by continuous stirring and 
maintaining the temperature at about 90°C. When the polymers have 
gone into solution, the solution is cooled to about 50-55'*C and the 
medicament is slowly admixed. The homogenous mixture is poured into 
forms made of an inert material to produce a drug-containing diffusion 
matrix having a thickness of about 2-4 mm. This difihsion matrix is then 
cut to form individual tablets having the appropriate size. 

Another preferred formulation employed in the methods of 
the present invention employs transdermal delivery devices Cpatches'^- 
Such transdermal patches may be used to provide continuous or 
discontinuous infusion of the compounds of the present invention in 
controlled amounts. The construction and use of transdermal patches for 
the delivery of pharmaceutical agents is well known in the art. See. y 
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U.S. Patent 6,023,252, issued June 11, 1991, herein incorporated by 
reference. Such patches may be constructed for continuous, pulsatile, or 
on demand delivery of pharmaceutical agents. 

Frequently, it will be desirable or necessary to introduce the 
pharmaceutical composition to the brain, either directly or indirectly. 
Direct techniques usually involve placement of a drug dehvery catheter 
into the host's ventricular system to bjnoass the blood-brain barrier. One 
such implantable delivery system, used for the transport of biological 
factors to specific anatomical regions of the body, is described in U.S. 
Patent 5,011,472, issued April 30, 1991, which is herein incorporated by 
reference. 

Indirect techniques, which are generally preferred, usually 
involve formulating the compositions to provide for drug latentiation by 
the conversion of hydrophilic drugs into lipid-soluble drugs or prodrugs. 
Latentiation is generally achieved through blocking of the hydroxy, 
carbonyl, sulfate, and primary amine groups present on the drug to render 
the drug more lipid soluble and amenable to transportation across the 
blood-brain barrier. Alternatively, the delivery of hydrophilic drugs may 
be enhanced by intra-arterial infusion of hypertonic solutions which can 
transiently open the blood-brain barrier. 
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We Claim: 

1. A method for the treatment or prevention of interstitial 
cystitis or urethral s3nidrome in a mammal which comprise administering 
to a mammal in need thereof an effective amount of a compound of the 
formula 




R2 



wherein: 

is hydrogen, Ci-Ci2 alkyl. Ci-Ce alkoxy, phenyl, Cs-Cs 
cycloalkyl, naphthyl, heterocyclic, unsaturated heterocyclic, 
phenyl-(Ci-C6 alkylidenyl)-, naphthyl-CCi-Ce alkylidenyl)-, 
heterocyclic-<Ci-C6 alkylidenyl)-, imsaturated heterocyclic- 
(Ci-Ce alkylidenyl)-, phenyl-(Ci-C6 alkoxy)-, naphthyl-(Ci-C6 
alkoxy)-, heterocyclic-(Ci-C6 alkoxy)-, or unsaturated 
heterocycIic-(C]-C6 alkoxy)-, 

any one of which phenyl, naphthyl, heterocyclic, Ca-Cg 
cydoalkyl, or unsaturated heterocyclic groups may be 
optionally substituted with one, two, or three moieties 
independently selected firom group consisting of 
heterocydic-CCi'Ce alkylidenyl)-, unsaturated 
heterocydic-(Ci-C6 alkylidenyl)-, hydroxy, halo, Ci-Ce 
alkyl, Ci-Ce alkoxy, tnfluoromethyl, nitro, amino, 
cyano, Ci-Ce alkylamino, and Ci-Ce alkylthio; 

R2 is hydrogen, Ci-Ci2 alkyl, Ci-Cs alkoxy, phenyl, Ca-Cg 
cycloalkyl, naphthyl, heterocyclic, imsatiirated heterocyclic, 
phenyl-(Ci-C6 alkylidenyl)-, naphthyl-(Ci-C6 alkylidenyl)-, 
heterocyclic-(C]-C6 alkylidenyl)-, unsaturated heteroc3rclic- 
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(Ci-Cs alkylidenyl)-, phenyHCi-Ce alkoxy)-, naphthyl.(Ci-C6 
aIko^)-» heterocsrdic-CCi-Ce alkoxy)-, or unsaturated 
heterocyclic-(Ci-C6 aIkoxy)-» 

any one of which phenyl, naphthyl, heterocyclic, C3-C8 
cydoalkyl, or unsaturated heterocyclic groups may be 
optionally substituted with one, two, or three moieties 
independenly selected firom group consisting of phenyl- 
(Ci-Ce alkylidenyl)-, naphthyl-(Ci-C6 alkylidenyl)-, 
heterocydic-(Ci-C6 alkylidenyl)-, unsaturated 
heterocydic-(Ci-C6 alkylidenyl)-, phenyl-(Ci-C6 
alkoxy)-, naphthyl-(C]-C6 alkoxy)-, heteroc^clic-CCi-Ce 
alkoxy)-, orimsaturatedheterocyclic-CCi-Ce alkoxy)-, 
hydroxy, halo, Ci-Ce alkyl, Ci-Ce alkoxy, 
trifluoromethyl, nitro, amino, cyano, Ci-Ce alkylamino, 
and Ci-Ce alkylthio; 

R3 is hydrogen, nitro, Ci-Ce alkanoyl, amino, Ci-Ce alkyl, 
Ci-Ce alkoxy, Ca-Cs cycloalkyl, heterocyclic, imsaturated 
heterocyclic, halo, Ci-Ce alkylthio, hydroxy-(Ci-C6 
alkylidenyl)-, hydroxy-(Ci-C6 alkylidenyl)amino-, R^R^N-, 
R4r6N-(Ci.C6 alkyUdenyl)-, R4r5N-(Ci-C6 alkoxy)-, hydroxy- 
(Ci-Ce alkylK hetero<7cIic-(C]-C6 alkoxy)-, amino(Ci*C6 
alkylidenyl)-, or trifluoromethyl, 

where R^ and R^ are independently selected from the 
group consisting of Ci-Ce alkyl, Ci-Ce alkoxy, Ci-Ce 
alkanoyl, aiyl, heterocydic, imsaturated heterocyclic, 
aryl(Ci-C6 alkylidenyl)-, heterocycIic(C]-C6 
alkylidenyl)-, unsaturated heterocydicCCi-Ce 
alkylidenyl)-, and hydrogen or R^ and R^ combine to 
form Cs-Cg cycloalkyl, 



W097/U873 



. 116- 



PCT/US97/03895 



any one of which alkyl or alkoxy groups may be 
substituted with one or more halo, amino, or 
nitro, and 

any one of which aryl, imsaturated heterocyclic, 
or heterocydic groups may be substituted with 
one, two, or three moieties independenly 
selected from group consisting of hydroxy, halo, 
Ci-Ce alkyl, Ci-Ce alkoxy, trifluoromethyl, 
nitro, amino, cyano, Cs-Cg cjrdoall^l, Ci-Ce 
alkylamino, and Ci-Ce alkylthio; 

with the proviso that not more than one of and may be 
hydrogen; 

or a pharmaceutically acceptable salt or solvate thereof. 

2. A method as claimed in Claim 1 emplo3^g emploj^g 
l-ben2yl-2-(3,4,5-tiimethoxypI^enyl)-6-[2-(4- 

morpholinyl)ethoxy]benzimidazole, l-benzyl-2*(3,4,5-trimethoxyphenyl)-6- 
[2-'(l-piperidinyl)ethoxy]benzimidazole, l-benzyl-2-(3,4,5- 
trimethQxyphenyl)-6-[2-(l-pyzToldinyl)ethoxy]benzimidazole, l-benzyl-2- 
(3,4,5-trimethoxyphenyl)-6-[2-(l- 

hexamefliyleneiminyl)etho3ylbenzimidazole, l-benzyl-2-(3,4,5- 
trimetho3g^henyl)-6*[3-(l-piperLdinyl)propoxy]benzimidazole, l-benzyl-2- 
(3,4,5-trimethoxyphenyl)-6-[2-[4-(pip6ndin-l-yl)piperdin-l- 
yl]etho3gr]benzimidazole, l-benzyl-2-(3,4,6-trimethoxyphenyl)-6-[2-(4- 
methyl- l-piperazinyl)ethoxy]benrimi dazole, l-benzyl-2-(3-methylphenyl)- 
6-[2-(l-pyrroIidinyl)etfaoxy]benzimidazole, l-benzyl-2-(3-methylphenyl)-6- 
[3-(piperdin- l-yl)propoxy]-benzimidazole, l-benzyl-2-(3-methylphenyl)-6- 
[3-(morpholin-4-yl)propoxy)ben2dmidazole, l-benzyl-2-(3-methylphenyl)-6- 
[3-0[)yrrolidin* l-yl)propoxy)benzimidazole, l-benzyl-2-(3-methylphenyl)-6- 
[3-(hexamethyleneimin- l-yl)propoxy)benzimidazole, l-benzyl-2-(3- 



W097y33873 



. 117- 



PCT/US97/03895 



metiiyIphenyl)-6-[3-(heptamethyleneiinin- l-yl)propoxy)benzmudazole, 1- 
benzyl-2-(3-methylphenyl)-6-[2-(4*methyl-piperazm- 1 - 
yDethoxy]benzuiiidazole» l-(2-tnfluoromethylbenzyl)-2-(3,4,5- 
tnmethox3i>henyl)-6-[2-0[)iperidin- l-yl)ethoxy]beiizimidazole, l-(2- 
trifiuoTomethylbenzyl)-2-(3,4,5-tximet]ioxyphenyl)-6-[3-(pi^ 
yl)propoxy]beiizimidazole, l-(2-tri£luoromethylbenzyl)-2-(3,4,5- 

tariTni»thnv3;phATiyl)-fi-P-(hftVflmfttTiylAnttimi¥i-1-yl)A^ 

(2-tiifluoromethylbenzyl)-2-(3»4,5-trimetJi03Qn[>henyl)-^^ 
yl)ethoxy]benziiiiidazole, l-(2-triiluoxomethylbenzyl)-2-(3»4,5- 
trimetlioxyphenyl)-6-[2-(moxphQlm-4-yl)edioxy]ben^^ l-(2- 
bromobenzyl)-2-(3,4»5-t]imetho3gn[>henyI)-6-[2-(pipeiidm 
yl)ethoxy]benzimidazole» l-(2-tcifluoromethylbenzyl)-2-(3-methylphenyl)- 
6-[2-0[)iperidi]iyI- l-yl)ethoxy]benziiiiidazide, l-(2-bxomobexizyl)-2-(3- 
methyU>henyl)-6-[2-(pipeiidinyl-l-yI)e1hoxy]bRnriinida7^e, l-(2- 
trifluoxometliylbenzyl)-2-(3,4-dimethylphenyl)-6-[2-0?iperi 
yl)ethoxy]beiizimidazole» l-(2-bxomobezizyl)-2-(3,4-dixnethylphenyl)-6-[2- 
(ipiperidm-l-yI)etfaoxy]benzi2uidazole, or l-(2-bromobenzyl)-2-(3»5- 
dimethylphenyl)-6-[2-0[>iperidin-l-yl)ethoxy]beiiziinidazole. or a 
pharmaceutically acceptable salt or solvate thereof. 

3. A method as claimed in Claim 1 employing emplojdng 
l-ben2yl-2-(3,4,5-trimethoxyphenyl)-6-[l-methyl-2-(N,N- 
dimethylamino)]ethoxy]benzimidazole, l-benzyl-2-(3,4,5- 
tzimethox3i>henyl)-6-[2-(N,N-dimethylamino)ethoxy]benziniidazole, 1- 
benzyl-2-(3,4,5-trimethoxyphenyl)-6-[3-(N,N- 
dimethylamino)propoxy]benzimidazole» l-benzyl-2-(3»4,5- 
tzimethoxyphenyl)-6-[2-(N,N-d]isopropylamino)ethoxy]benzimidazole, 1- 
ben2yl-2-(3-methylphenyl)-6-[2-(N,N- 

dimethylamino)ethoxy]benzimidazoIe, l-benzyl-2-(3-methylphenyl)*6-[2- 
(N,N-diethylamino)ethoxy]-benzimidazole, l-benzyl-2-(3-methylphenyl)-6- 
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[3-(N,N-dimethylainino)propoxy]benziTnidazole> l-benzyl-2-(3- 
methylphenyl)-642-(N,N-isopropylamino)ethoxy]benziinidazole, 1 -benzyl- 
2-(3-methylphenyl)-6-[2-(N,N-dibenzylainino)etho3Qr]benzi^ 1- 
benzyl-2-(3-methylphenyl)-6-I3-(N,N- 

dimethylainino)propoxy]ben rinii dazole, l-benzyl*2-(3-methylphenyl)-6-[2- 
(N JJ>dimethylamino)propoxy]-benriniidazole, l-(2-trifluoromet;hylbenzyl)- 
2-(3,4,5-tximethoxyphenyl)-6-[2-(N,N-dimethylamino)propox^^ 
b enrimidaz ole, l-(2-trifluoromethylbenzyl)-2-(3,4,5-l3cimethoxyphenyl)-^ 
[2-(N,N-dimethylammo)eihoxy]-beiiziniidazole, l-(2- 
trifluoromethylbenzyl)-2-(3,4,5-trimethoxyphenyl)-6-[3-^ 
dimetiiylainmo)propoxy]-benziini dazole, l-(2-trifIuoromethylbenzyl)-2- 
(3,4,6-tximetlio3Qnplienyl)-6*[2-(N,N-diisopropylaxii^ 
benzimidazQle, l-(2-bromobeiizyl)-2-(3,4,5-tximethoxyphenyl)-6-[2-(N,N- 
dimethylainino)piopoxylbeTiziTnidazole, l-(2-bxomobenzyl>-2-(3,4,5- 
trimethoxyphenyl)-6-[2-(N,N-dimethylammo)etfaoxy]^ l-(2- 
b]t>mobeiizyl)-2-(3,4,5-tximetho3qnphenyl)-6-[3-^ 
dimethylamino)propoxy]benzimidazoIe, l-(2-bromobeiizyI)-2-(3,4,5- 
trimethox3npbenyl)-6-[2-(N»N-diiscqpr(qiylaiiiin i. 
(2-tiifluoromethylbeiizyl)-2-(3-methylphenyl)-6-[2-0^,N- 
dimethylanuno)etho:y]bftnziniidazole, l-(2-trifluoromethylbenzyl)-2-(3- 
methylphenyl)-6-[3-Qf^-dimethylamino)propoxy]be]mini l-(2- 
bromobenzyl)-2-(3-methylphenyl)-6-[2-(N,N- 
dimethyIainino)ethoxy]bfiTizimidazole, l-(2-bromobeiizyl)-2-(3- 
me1;hylphenyI)-6-[3-(N,N-dimethylainino)pT(9oxy)benzi^ 1*(2- 
txifluoromethylbe]izyl)-2-(3»4'dimethylphenyl)-6-[2-(N,N- 
dimeihylamino)ethoxylbenziTnidazole, l-(2-tdfluoroiiiethylbenzyl)-2-(3,4. 
dimethylphenyI)-6-[2-(N,N-diisopropylammo)eihoxy]bezi^^ 1.(2- 
bTomobenzyl)-2-(3,4-diinethylphenyl>-6-[2-(N,N- 
dimethylainino)ethoxy]ben zimi d azole, l-(2-bromobenzyl)-2-(3,4- 
dimethylphenyl)-6-[2-(N,N-diisopropyla]mno)ethoxy]benz^ 1*(2- 
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bro]iiobenzyI)-2 -(3,4-dimethylpheiiyI)-6- [ l-methyl-2-(N,N- 
dimetiiylamino)ethoxy]beiizimidazole, l-(2-bromobenzyl)-2'(3,5- 
dimetfaylphenyl)-6*[2-(N»N-dimethyIazmno)ethoxy]benzixm l-(2- 
bromobeiizyl)-2-(3,6-dimethylphenyl)-6-[l-methyl-2-(N,N- 
clime1hylamino)ethoxy]benzi mi d azole, l-(2-bromobeiizyl)-2-(3,5- 
dimetliylpbenyl)-6'[2*(N.N-diisopropylamino)ethoxy]benzim or 1- 

(2-bromobenzyl)-2-(3,5-climethylphenyl)-6-[3-CN,N- 

dimethylammo)propoxy]b6iizimidazole, or a pharmaceutically acceptable 
salt or solvate thereof. 

4. A compound as described in any one of Claims 1 to 3, 
for use in treating or preventing interstitial cystitis or urethral syndrome. 

6. A pharmaceutical formulation containing, as an active 
ingredient, a compound as described in any one of Claims 1 to 3, adapted 
for use in the treatment or prevention of interstitial pystitis or urethral 
syndrome. 

6. The use of a compound as described in any one of 
Claims 1 to 3, for the manufacture of a medicament for the treatment or 
prevention of interstitial cystitis or urethral syadxome. 
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